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Foreword 



The launch of Sputnik in 1 957 served to focus attention on our nation's need to provide special education 
for gifted and talented students The event was like an electrical shock in that \l served to jolt the education 
community into action with a resulting surge of programs, especially in science ana mathematics At that 
time, computers were very expensive, very large, and very limited in accessibility The thought of being 
able to provide computer experiences to youngsters in regular classrooms was unthinkable 

Nearly 25 years has elapsed since Sputnik's flight and advancements in computer technology have 
turned what was once unthinkable into something that is becoming commonplace 

Although more computers are showing up in classrooms every yea^ , there is still a long way to go before 
they will be universally available 

Competition among world powers is as keen today as it was 25 years ago Although we haven't been 
jolted recently as we were with Sputnik there is no room for complacency f^ost people agree that 
computer literacy will be essential for survival in the 21st century Therefore, there is no time to waste 
it IS urgent that our schools provide computer experiences for today's students, especially those who are 
gifted 

The articles in this book clearly reveal that experiences with computers provide students with insight 
into the thinking process 

It IS hoped that, after reading this book, educators and otfier individuals in decision-making positions 
will be motivated to do something about providing computer experiences for all students 

Articles written by computer specialists, teachers, parents, and students all emphasize the important 
role computers play in the development of thinking, problem solving, and creativity f^odel program 
strategies for getting started and information on the most current resources have been included to help 
administrators who are ready to make the computer connection for their students 

My sincere thanks to Russell E Adams who provided me with numerous articles for consideration from 
his personal collection of computer magazines His advice and corroboration of my selections for this 
volume was greatly appreciated 

Jean N NazzaiO 
October 1981 



1 Why Computer Experiences 
Are Needed Now 

Computers and Computer Cultures by Seymour Papert and Classroorri Computers Beyond the 3 R's 
by Fred Bell were chosen as the first sections in this book because they so clearly articulate the value 
of computers beyond computer-assisted instruction These articles emphasize that real learning comes 
about when students have the chance to experiment and program computers themselves. 

Papert comments . . "in teaching the computer how to think, children embark on an exploration about 
how they themselves think. Thinking about thinking turns the child ' o an epistemologist, an experience 
not even shared by most adults " If this happens with normal c. Jren, the insights gained by gifted 
youngsters may be even more profound. 

Papert, a mathematician and a student of Piaget, believes that computer experiences for young 
children will have a profound effect on the age at which they are able to shift from concrete to formal 
thinking Computer models provide concrete form to areas of knowledge that ordinarily are intangible and 
abstract. Furthermore, when children learn to program, the process of learning becomes active and 
self-directed The knowledge is acquired for a recognizable personal purpose. Computers give students 
some real control over what they learn and how they iaarn it and this is very motivating. 

Bell believes that computers can revolutionize learning in schools by teaching children how to function 
at higher cognitive levels When a student writes computer programs, the six steps of problem solving 
(posing the problem, precisely defining the problem, gathering information, developing a solution strat- 
egy, finding the solution, and checking the solution) must be carried out Children with these skills are 
capable of learning independently and of conducting the research and explorations that go into creating 
knowledge. 

It seems quite evident that children who have been involved in the kind of experiences Papert and Bell 
describe will have distinct advantages over those who have not, not only because they will be computer 
literate in an age where computers have become indispensable tools, but because they will understand 
and be able to control their own th'nking and problem-solving behavior. 
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Computers and 
Computer 

Cultures 



Seymour Papert 



This material i^ a condensation of 
Chapter I of Mindstortns by Sey mour 
Papert. published in 19S0 bv Basic 
Books, Inc . of \ew York City at 
$12 95 Those who find themselves 
stimulated b\ this presentation will find 
It profitable to read the entire work 



In most contemporary educational sit- 
uations where children come into contact 
with computers the computer is used to 
put children through their paces, to pro- 
vide exercises of an appropriate level of 
difficulty, to provide feedback, and to 
dispense information, The computer pro- 
gramming the child. In the LOGO envi- 
ronment the relationship is reversed: The 
child is in control: The child programs 
the computer. And in teaching the com- 
puter how to think, children embark on 
an exploration about how they them- 
selves think. Thinking about thinking 
turns the child into an epistemologist, an 
experience not even shared by most 
adults. 

After five years of study with Jean 
Piaget in Geneva, I came away impressed 
by his way of looking at children as the 
active builders of their own intellectual 
structures. To say that mtellectual struc- 
tures are built by the learner rather than 
taught by a teacher docs not mean that 
they are built from nothing. Like other 

Copyniehi 1980. Basic Books, inc V%c6 by Pcr^ 
mission 




builders, children appropriate to their 
own use materials they find about them, 
most saliently the models and metaphors 
suggested by the surrounding culture. 
Piaget writes about the order in whi^h 



Many children are 
held back In their 
learning because they 

have a model of 
learning in which you 

have either 
"flrof it" or "got it wrong. " 
But when you learn to 
program a computer 
you almost never get it 
right the first time. 



the child develops different intellectual 
abilities. I give more weight than he does 
to the influence of the materials a certain 
culture provides in determining that 
order. For example, our culture is very 
rich in materials useful for the child's 



construction of certain components of 
numerical and logical thinking. Children 
learn to count; they learn that the result 
of counting is independent of order and 
special arrangement; they extend this 
"conservation" to thinking about the 
properties of liquids as they are poured 
and of solids which change their shape. 
Children develop these components of 
thinking preconsciously and "spon- 
taneously," that IS to say without delib- 
erate teaching Other components of 
knowledge, such as the skills involved in 
doing permutations and combinations, 
develop more slowly, or do not develop 
at all without formal schooling. 

The computer presence might have 
more fundamental effects than did other 
new technologies, including television 
and even printing. The metaphor of com- 
puter as a mathematics speaking entity 
pufs the learner in a qualitatively new 
kind of relationship to an important 
domain of knowledge. Even the best of 
educational television is limited to offer- 
ing quantitative improvements in the 
kinds of learning that existed without it. 
Seume Street might offer better and 
more engaging explanations ti n a child 
can get from some parents or nursery 
school teachers, but the child is still in 
the bus ness of listening to explanations. 
By contra.st, when a child learns to pro- 
gram, the process of learning is trans- 
formed. It becomes more active and self 
directed. The knowledge is acquired for 



lEI^Cptecl from Chapter 1 of MINDSTORMS by Seynx)ur Papert. Copyright ^ 1980 by Basic Books, Inc By permission of Basic 
"Ma|<3. Inc., Publishers, New York. 7 



a recognizable personal purpose. The 
child does something with it. The new 
knowledge is a source of power and is 
v'xpcnenced as such from the moment it 
begins to form in the child's mind. 

1 have spoken of mathematics being 
learned in a new way. But much more is 
affected than mathematics. Piaget distin* 
guishes between ''concrete'* thinking and 
"formal" thinkir.g. Concrete thinking is 
already well on ts way by the time the 
child enters first grade at age 6 and is 
consolidated in the following several 
years. Formal thinking does not develop 
until the child is almost 12, give or take a 
year or two, and some researchers have 
even suggested that many people never 
achieve fully formal thinking. I do not 
fully accept Piaget s distinction, but 1 am 
sure that it is close enough to reality to 
help us make sense of the idea that the 
consequences for intellectual develop- 
ment of one innovation could be qualita- 
tively greater than the cumulative quan- 
titative effects of a thousand others. My 
conjecture is that the computer can con- 
cretize (and personalize) the formal. Seen 
in this light, it IS not just another powerful 
educational t(K>l. It is unique in providing 
us with the means for addressing what 
Piaget and many others see as the ob- 
stacle which IS overcome in the passage 
from child to adult thinking. 1 believe 
that It can allow us to shift the boundary 
separating concrete and formal. Know- 
ledge that was accessible only through 
formal processes can now be approached 
concretely And the real magic comes 
from the fact that this knowledge in- 
cludes those elements one needs to be- 
come a formal thinker. 

This description of the role of the com- 
puter IS rather abstract. 1 shall concretize 
It by looking at the effect of working with 
computers on two kinds of thinking 
Piaget ass<.Kiates with the formal stage of 
intellectual development: combmatonal 
thinking, where one has to reason in 
terms of the set of all rK)ssible states of a 
system, and self referential thmking 
about thinking itself. 

In a typical experiment in com- 
binatorial thinking, children are asked to 
form all the possible combinations (or 
"families") of beads of assorted colors It 
really is quite remarkable that most 
children are unable to do this system- 
atically and accurately until they are in 
the fifth or sixth grades. Why should this 
be'* Why does the task seem to be so 
much more difficult than the intellectual 
feats accomplished by seven and eight 
year old children? Is its logical structure 
essentially more complex"^ Can it possibly 
require a neurological mechanism that 
does not mature until the approach of 
puberty'' 1 think that a more likely ex- 
planation IS provided by looking at the 
nature of the culture . The task of making 
Q*^'^ families of beads can be kx>ked at as 

ERIC 




constructing and executing a program, a 
very common sort of program, m which 
two loops are nested: Fix a first color and 
run through all possible second colors, 
then repeat until all possible first colors 
have been run through For somtone 
who IS thoroughly used to computers and 
programming there is nothing "formal" 
or abstract about this task. For a child in 
a computer culture it would be as con- 



Our culture is 
relatively poor in 
models of systematic 
procedures. 



Crete as matching up knives and forks at 
the dinner table. Even the common "bug" 
of including some families twice (for 
example, red-blue and blue-red) would be 
well known. Our culture is rich in pairs, 
couples, and one to one correspondences 
of all sorts, and it is rich m language for 
talking about such things This richness 
provides both the incentive and a supply 
of mcxiels and tools for children to build 
ways to think about such ussues as 
whether three large pieces of candy are 
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more or less than four smaller pieces. For 
such problems our children acquire an 
excellent intuitive sense of quantity. But 
our culture is relatively poor in models of 
systematic procedures. Until recently 
there was not even a name in popular 
language for programming, let alone for 
the ideas needed to do so successfully. 
There is no word for "nested loops" and 
no word for the double counting bug. 
Indeed, there are no words for the power- 
ful ideas computerists refer to as "bug" 
and "debugging." 

Without the incentive or the materials 
to build powerful, concrete ways to think 
about problems involving systematicity, 
children are forced to approach such 
problems, m a groping, abstract fashion. 
Thus cultural factors can explain the dif- 
ference in age at which children build 
their intuitive knowledge of quantity and 
of systematicity 

While still working m Geneva 1 had 
become sensitive to the way in which 
mat*?nals from the then very young com- 
puter cultures were allowing psychol- 
ogists to develop new ways to think about 
thmking. In fact, my entry into the world 
of computers was motivated largely by 
the idea that children could also benefit, 
perhaps even more than the psychologist, 
from the way in which computer mixlels 
seemed to be able to give concrete form 
to areas of knowledge that had pre- 
viously appeared so intangible and 
abstract. 

1 began to sec how children who had 
learned to program computers could use 
very concrete computer mcxiels to think 
about thinking and to learn about learn- 
ing and in doing so, enhance their powers 
as psychologists and as epistemologists. 
For example, many children are held 
back in their learning because they have 
a model of learning in which you have 
either "got it" or "got it wrong." But when 
you learn lo program a computer you 
almost never get it right the first time, 
learning to be a master programmer is 
learning to become highly skilled at iso- 
lating and correcting "bugs," the parts 
that keep the program from working. 
The question to ask about the program is 
not whether it is right or wrong, but if it is 
fixable If this way of looking at intellec- 
tual products were generalized to how 
the larger culture thinks about know- 
ledge and Its acquisition, we might all be 
less intimidated by our fears of "being 
wrong " This potential influence of ihe 
computer on changing (^ur notion of a 
black and white version of our successes 
and failures is an example of using the 
computer as an 'object to think with " It 
IS obviously not necessary to work with 
computers m order to acquire gcH)d strat- 
egies for learning .Surely "debugging" 
strategies were developed by successful 
learners U>nu before computers existed 
But thinking about learning by analogy 



with developing a program is a jx^werful 
and accessible wav to get started on [)e- 
coming more articulate about one's do* 
bugging strategies and more deliberate 
about improving them 

My discussion of a computer culture 
and Its .mpact on thinking presupposes a 
massive penetration of fK)werful compu- 
ters into people s lives That this will hap- 
pen there can be no doubt. The calcu- 
lator, the electronic game, and the digital 
watch were brought to us by a technical 
revolution that rapidly lowered prices for 
electronics in a period when ail others 
were rising with inflation That same 
technological revolution, brought about 
b> the integrated circuit, is now bringing 
us the f>ers<.)nal computer 

There really is no disagreement among 
experts thai the cost of computers will 
fall to a level where they will entc every- 
dav life in vast nuntbers. Some will be 
there as computers proper, that is to say . 
programmable machines Others might 
appear as games of ever increasing com- 
plexity and m automated supermarkets 
where the shelves, maybe even the cans, 
will talk There is no doubt that the 
material surface of life wiii become very 
different for everyone, perhaps most of 
all for children But there has been a 
significant difft^'ente of opinion about 
the effects this ci^mputcr presence will 
produce I would distinguish niy thinking 
from two trends of thinking which I refer 
to here as the "skeptical" and the "crit- 
ical," 

Skeptics do not expect the L»)mpuier 
presence to make muth difference in 
how people learn and think I have form- 
ulated a number of possible explanatu^ns 
for why they think as they do. In s(^me 
cases 1 think the skeptics might c(^nceive 
of education and the effect o^ computers 



Knowledge that was 
accessible only through 
formal process can now 
be approached 
concretely. 



on It too narrowly Instead of considering 
general cultural effects, they f^cus atten- 
tion on the use of the computer as 
device for programmed instruction 
Skeptics then conclude (hat Ahile the 
computer might pnH.iuce some improve- 
ments in ahool learning, it is not likely to 
lead to fundamental change. In a sense. 
tiH), I think the skeptical view derives 
^'-)m a failure to appreciate just how 



much Piagetian learning takes place as a 
child grows up If a person conceives of 
children's intellectual development (or. 
for that matter, moral or social develop- 
ment) as deriving chiefly from deliberate 
teaching, then such a person v^ould be 
likely to underestimate the potential 
effect that a massive presence oi vompu- 
ters and other interactive objects might 
have on children. 

The critics, on the other hand, do think 
that the computer presence will make a 
difference and are apprehensive For 
example, they fear that more com- 
munication via computers might lead to 
less human association and result in 
social fragmentation. As knowing how to 
use a coniputer becomes increasingly 
necessary lo effective social and 
economic participation, the position of 
the underprivileged could worsen, and 
the computer could exacerbate existing 
class distinctions. As to the political 
effect computers will have, the critics' 
concerns resonate with Orwellian images 
of a 1984 where home computers will 
form part of a complex system of surveil- 
lance and thought control. Critics also 
draw attention ii) potentuil mental health 
hazards of computer penetration Some 
of these hazards are magnified forms of 
problems already worrying many ob- 
servers of contemporary life, others are 
problems of an essentially new kind, A 
typical example of the former kind is that 
our grave ignorance of the psychological 
impact of television becomes even more 
serious when we contemplate an epoch 
of super TV The holding power and psy- 
chological impact of the television smow 
could be increased by varying the con- 
tent ii^ suit the tastes of each individual 
viewer, and by the show becoming in- 
teractive, dra<ving the viewer into the 
actu^n, Cntic*^ already cite cases of stu- 
dents spending sleepless nights nvtted to 
the computer terminal, coming i.j regle<.t 
both studies and social contact 

In the category of new problems, 
critics have pointed to the influence of 
the allegedly mec anized thought pro- 
cesses on how people thmk Marshall 
MacLuhan's dictum *hat "the medium is 
the message ' might apply here If the 
medium is an interactive system that 
takes m words and speaks back like a 
persi^n. it is easy to get the message that 
machines -ire like people and that people 
are like machines. What this might do to 
the developmer* of values and self image 
in growing children is hard to assess But 
it IS not hard ti^ see reasons for worry 

fX'spite these concerns I am essentially 
optimistic — sopie might say Utopian — 
, pour fhe effects of computers (m 
society } do not dismiss the arguments of 
♦he cntks On the contrary, 1 too see the 
. oniputcr presence as a potent influence 
on the human nimd I am very much 
aware of the ho. ding power of an inter- 



active computer and of how taking the 
computer as a model can influence the 
way we think about ourselves. In fact the 
work on LOGO to which I have devoted 
much of the past ten years consists pre- 
cisely of developing such forces in posi- 
tive directions. For example, the critic is 
horrified at the thought of a child hyp- 
onotically held by a futuristic, computer- 
ized super pinball machine In the LOGO 
work we have invented versions of such 
machines in which powerful ideas from 
physics or mathematics or linguistics are 
imbedded in such a way that permits the 
player to learn them m a natural fashion, 
analogous to how a child learns to speak. 
The computer's "holding power." so 
feared by critics, becomes a useful educa- 
tiOiial tool. Or take another, more pro- 
found example. The critic is afraid that 
children will adopt the computer as 
mtxiel and eventually come to "think 
mechanically" themselves Following the 
opposite tack, I have invented ways to 
take educational advantage of the 
opportunities to master the art of 
deltberately thinking like a computer, ac- 
cording, for example, to the stereotype of 
a computer program that proceeds m a 
step-by-step, literal, mechanical fashion. 
There are situations where this style of 
thinking is appropriate and useful. Some 
children's difficulties m learning formal 
subjects such as grammar or mathematics 
derive from their inability to see the point 
of such a style 

A second educational advantage is in- 
direct but ultimately more important By 
deliberately learning to imitate mechan- 
ical thinking, the learner becomes able to 
articulate what mechanical thinking is 
and what It IS not The exercise can lead 
to greater confidence about the ability to 
choose a cognitive style that suits the 
problem Analysis of "mechanical think- 
ing" and how it is different from other 
kinds and practice with problem analysis 
can result in a new degree of intellectual 
sophistication By providing a very con- 
crete, down to earth model of a partic- 
ular style of thinking work with the com- 
puter can make it easier to understand 
that there is such a thing as a "style of 
thinking." And giving children the oppor- 
1 unity to choose one style or another pro- 
vides an opportunity to develop the skill 
necessary to choose between styles Thus 
instead of inducing mechanical thinking, 
contact with computers could turn out to 
be the bc^i conceivable antidote to it. 
And for me what is most important m this 
IS that through these experiences these 
children would be serving their appren- 
ticeship as epistenK^logists. that is to say 
learning to thmk .irdciilately about thmK- 
ing 

The intellectual enviri>nments offered 
to children by today's c ultures are poor in 
opportunities (o bring their thinking 
about thtnking into the open, io learn to 
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td»' about It iiiu* test (heir ideas b\ 
externalizing iheni A*.iess to ^lUiiputers 
can dranuticalK change this suuation 
Fven the simplest Turtle v^ork can of)en 
nev^ t>pportunriies lor sharpening one's 
ihinK'ng about thinking Progranninng 
the Turtle begins b\ making one reflect 



In teaching 
the computer how to 
think, children embark 
on an exploration 
about how they 
themselves think. 



on hv»v^ one does oneself uhat one vvtmld 
like the TuriL* lo do I hus teaching the 
Turtle to act oi to ' think ' can Icc.j one to 
reHei.f or one s ow n acM^ >iis and thinking 
And as chilvl:cn nn>\c on, the\ program 
the v^oniputer to make more complex 
decisions and tind themseKes engaged m 
reflecting on more complex aspects of 
their t>u n thinking 

In short v^hile the critic and 1 share the 
beliet that working with computers can 
have a powerful influence on how people 
think 1 ha\e turned inv at'eniior. to cx- 
[>lortng how this influence ^oiiK! be 
turned m [n>stli\e directions 

The central open questions al-xujf the 
effect ot computers on childrer m tlie 
are these Uhich }>ei>ple will be 
attra^teil fo the worki ot coniputcrs, 
what talents will the\ bring, and wh.*t 
tastes and ideologies will the\ impose on 
the gr«)wing computer culture' 1 have 
oi^ser\ cd children in LOGO environ- 
ments engaged in seU-reteientia! discus- 
sn)ns about their own ihinkini: This 
could happen bccccusc the lan- 
guage and the Turtle were ilesigncii b\ 
peof^le who enjov sucn discussion .uul 
wt»rkcd hard to design a medium that 
would encouraee if Other ilesigners of 
computer s\ stems have tlillerem istes 
andi dillercnr ideas about what kinds of 

fivitjcs Ar: suitable tor childien ^V hich 
vlesign will prevji!, and in wfiat sul>- 
^u"urc will not l^e decided b\ j simple 
fMjreatJcratK decision made cxain}>le 
-n a i:<ivernmen( Department of [duia- 
tjon or h\ 1 vonmiittee >l expc rt> Trends 
r pt.' >fvle vvili ctTicr-je from ,i 
^ompiox weh ol decisions In loundalions 
with '•esourvcs to suppt^rf one or another 
desiL'n b\ jorpor<itions who mav scj a 
matke' in ^c bonis b\ mdiviJu.iN nh<» 
viecuie fo make 'heir v.iic-' m the new 
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field of activit\ , and b\ children who will 
have their own sav in what thev pick up 
and what thev make of if P^*ople often 
ask whether in the future chiMren will 
program computers or become absorbed 
in pre-programmed activities The 
answer must be that some children will 
do the one, some the other, some both, 
and some neither But which children, 
and most im[)ortaniK, which social 
classes of children, will tall into each cai- 
egtir\ will be influenced b\ the kind of 
computer a<'iivit'es and the kind of envi- 
rt>nments created around them 

-\s an c\jmplc. we consider an iictivn\ 
which mav not occur to most people 
when thev think of computers and 
children the use (>f the computer as a 
writing instrument F'or me writing 
means making a rough draft and refining 
It over a ct>nsiderable period ot time \lv 
image of mvself as a writer includes the 
expec talion of an "unacceptable" first 
dratt that will develop with successive 
editing into presentable torm But 1 
would not be able to alford his image if 1 
were a third grader The phvsical act of 
writing w(iuld be slow and laborious 1 
would have no secretar\ Tor most chih 
tlren rewriting a text is S'^ laborious tiiat 
the first ilratt is the final copv, and the 
skill of rereading with a critical e\ e is 
never devclopeti This changes draina- 
ticallv when chiklren have access to com- 
puters caf\ible ol nianipulalinu text The 
first draft is composed ,ii the kev board 
( ^>ri eclions are made casilv 1 he c urreril 
cofw IS aiwavs neat and tidv I have seen 
c hildren move from l* tal reicc tion ^ .1 
writing to an i n t e n se i n v ol v e meni 
tiic^<nrpanied ^>v uipid inif^rovemenl i>\ 
*.jualilv ) within a feu weeks nf l>eginmng 
t(» write witl) a ^omput^'i fven n ore 
drjmatic changes are seen when the 
child has [)hvsicai haiuikaps that make 
wilting bv hand more dian 'jsuallv dil- 
I ic ult or even impossit'le 

I his use ot computers is rapidlv being 
adopted w herever adults w rite \ov a 
living Most newspapers now prt>vide 
their staTf with "word processing' com- 
puter s\ stems \1an\ w riters who wt)tk at 
home are acquiring their t^wn com[>ute!s 
.ind the computer terminal l^ ste.idilv tiis- 
placing fhe tvpewiiter as the sec r^ tare's 
basic tool The image ot childien using 
the coniputer as a writ.ng insttument is a 
j>a'-ticnlarK iinKl example of mv tliesis 
fh.n what is u<uh1 tor f>r(^le>sionals is 
Liood for children I^ul tins iiiKiue ol how 
the conipulei might c oninbule ^ > 
cliildreiis master) ot langu.ige is tbam.i 
ticcillv opptised lo the i»ne that w tak i' ■ 
root in most elcmentarv schools { bi , 

V onipuier IS seen as a teai ; 'Jii h s- i 
;iu nt It gives children [^rac ti. ai «h^mi- 
gmsfiinu between verbs an I inMnr. 
spelling, and m aji "nnt' n? iltipie 
^h(Ucc questions iIum; t[i* nie.ii.iiii. ol 
f^cc es of text \ > 1 St " ii , t tiis dil !. f . ru e 

lb 



IS not d matter of a small and technical 
choice between two teaching strategies 
It reflects a fundamental difference in 
educational philosophies. More lo the 
point, it reflects a ditference in view (m 
the nature of childhood I believe that the 
computet as writing instrument offers 
children an opportunity to become more 
like adults, indeed like advanced profes- 
sionals, in their relationship to their intel- 
lectual pr^Kiuci^ and to theniselves. In 
vioing so. It comes into head-on collision 
with the nianv aspects of school whose 
effect, if not whose intention, is to 
"mfantilize" the f'hild 

W )rd processors can make a child's 
experience ot writing nU)re like that of a 
real w riter But this can be undermined if 
the adults surrounding the child fail to 
appreciate what it is like to be a writer, 
for example it is onl\ to(> easy to iniag- 
me adults, including teachers, expressing 
the view that editing and re-cdit:ng a text 
IS a waste ot time r'V\h\ don't you gel on 
to something new'*" or "You aren't 
making it an\ better, why don't \ou lix 
V our spellinu''") 



The critic is horrified at 
the thought of a 
child hypnotically 
held by a futuristic, 
computerized super 
pinbsll machine. 



\s with wnhn;- so with niiisrc making, 
games oi skill, complex giaphics. what- 
ever The cvunpuiei is not a cijltiiie unto 
iKeit but 11 can seive ti advance very 
difleicni cultntal in'< [UiiU >sophKLi' out- 
hn^ks \ ov example, ok ^ ouUl think oi 
the I t«rtle as a devkc to leach elements 
oj the tratlitii>nai ^uiiKulum. such as 
notions of ingle, shape and coordinate 
sv stems And in taci most teachers who 
consult me .ihout us use c trving ti" use 
It in tins w<iv <^f course the I urtle can 
lielp m the (cac hine of frathlional i li- 
ne ulum, b'.t I have thought of it as a 
vcl.oic for l^iage'ian learning, whicli to 
uMf-nniu withoit! cu! ricniiini 

i }r''!e aie those whi> think alvuii creat- 
!!,!' a "T'lagetitin cmiKulunr or 
!',agc!ian teaching method*- ' But lo m\ 
aand these [)hrases md the acliMlics tliev 
! 'pit. sent .ire c v»miailK t ions in terms I 
S('e f'laget as the thei>tts( ot learning with- 
out lUirKuhim and the theoiist t>f the 
kind of learning that happens without de- 
libeialc leaching \o turti him into the 
tfieoiisl ot a new - iirrii ulum is to stand 



him v^n his neati 

H'li 'leachinu NM!h\)ut curnculuni" 
tk»cs noi mean sp4mtanei>us. free torni 
tiassnx>ms or smipK 'Meavmg the child 
aK>ne It means suppi>rting children as 
thev huiid iheir own inielleciual struc- 
tures wun materials drawn from the sur- 
rounding culture In this m».)del. educa- 
tu)nal inter\ention means changing the 
culture, planting new constructive ele- 
ments in It and elmunatmg noxious ones 
This is a more ambitious undertaking 
than intrcxlu'Mng a curriculum change, 
hut i>ne which is tVasihle under conJi- 
tK>ns now emerging 

Suppose that thirlv > ears ago an educa- 
tor had decided that the way to soke the 
pri^hlem i>f mathematics education was 
to arrange for a significant fraction o\ the 
pi)pu!atkMi to become fluent m <and en- 
thusiastic about 1 a new matnematical lan- 
guage The idea might have been g^ od in 
principle, but in practice it would have 
been absurd No one had the power to 
implement it Ni>w things are difff*rent. 
Man\ millions of people are learning pro- 
gramming languages for reasons that 
have n(Uhing t(^ do with the education of 
children rherefore.it becomes a practi- 
cal propositu>n to influence the form of 
the languages thev learn jnd the likeli- 
hood that their children will pick up 
these languages 

Throughout the course of this chapter 
1 ha\e been talking about the wa\s in 
whi^h choices made b\ educators, 
foundations, governments, and private 
individuals Lan affect the piUentiallv rev- 
olutionary vhanges m how children learn 
But making good chiMces is not alw^'vs 
easv , m part because past choices can 
often haunt us Tliere is a tendency fo. 
the first usable, hut still primitive, prod- 
uct of a new techni^iogv [o dig itself in I 
have called this phenoment^n the 
yVV[ K r Y phenomenon 

The top row nf alphabetic kevs ot the 
standard tvpewrtter reads Q\M K H 
For me this svmboli/es the way in which 
TeLhni>log\ can all io<> often serve not as 
a f<ir^e for progress but for keeping 
thmu^ stuck The UVNKR fY arramje- 
ment has ratn^nal explanation, onlv .i 
historical one It was introduced m re- 
sponse U> a probieni in the eariv da\s ot 
the !v pew Titer 'The kevs used to jam 
I he ide.» was to minirni/e the (.ollisu>n 
pr. >l^lcni hv separating those I'jys that 
l.'IKiwod '>ne another frequentlv Just a 
h'w vearN later uencral upprovemcnts in 
'he u:i.hn«^!« 'L^y reni<>veil the ijmnung 
pn.hlem hut 9U1KT\ sttuk Once 
adopted. It resulte i in m<iny millions o) 
tvp.-wr.ters and a mtfhod onde:d a lull 

UP. . * rt u 'jitiin I K>r liMrninL' ^piiiu 
I he vcut; vos! ot (.hanue ilorexanip'i 
puttinu 'he niost useil kevs i<>{^( ihi-r i>n 
the kevK-ard. nu 'unted with the vested 
interest ^r.Mted hv the fa«.t that si> main 
^iiKHTs Ui'W knew h^w u- follow the 
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gWhRFY keyboard Q^HRTY has 
stayed jn despite the existence of other, 
more "lational" systems On the other 
hand, if you talk to ptople about the 
OW'ERTV arrangement they will justify 
It by "obiective" criteria They will tell 
yt)U that i( "optimizes this" or it "mini- 
mize thai " Although these justifications 
have no rational foundation, they illus- 
trate a process, a social process, of myth 
construction that allows us t() nuild a 
justification for prmiitivity into any sys- 
tem I think we are well on the road to 
doing exactly the same thing witli the 
computei We are in the process of 
digging ourselves into an anachronism by 
preserving practices that have no rational 
basis beyond their historical roots in an 
earlier pei.jd of technological and theo- 
retical development 

The use of computers for drill and 
practic*? IS only one example of the 
QWERTY phenomenon in the computer 
domain Another example occurs even 
when attempts are made to allow stu- 
dents to learn to program the computer 
Learning to program a computer involves 
learning a "programming language *' 
There are many sueh languages — for 
example. Fortran, Pascal. Basic. Small- 
talk, and Lisp, and the lesser known lan- 
guage LOGO, which our gniu[> has used 
m most of our experiments with com- 
puters and children A powerful 
QWERTY phenomenon is to be ex- 
pected when we choose the language in 
which children are to learn to pn)grani 
computers I shall argue m detail th it the 
issue IS consequential A firograniming 
language is like a natural, human lan- 
guage in th.it it favors certain metaphors, 
images, and wavs of thinking It would 
seem to follow that educators interested 
in using computers and sensitive to 
cultural intluences would pay particular 
attention to the choice of language But 
nothing of the sort has happened On the 
conirai\. educat<irs. too timid in techno- 
logical matters or too ignorant to attempt 
\o influence the languages offered b\ 
computer manufacturers, have accepted 
certain programming languages in much 
the same way as they accepted the 
QWFR FY keyboard An intorniative ex- 
ample IS the wav m which the program- 
ni:ng language Basic has established itself 
as the obvious language to use in te.iv h- 
ing AnieriL.i Juldrcti how to program 
computers I he relevant technical infor- 
ni.ition IS this \ verv small ciMUpuier c an 
he made understand Basic vshile other 
lanuuages demand more fioni the t ompu 
fer Ihus. in the early dav swlien tdnpu- 
!e: fH)wer was extremelv expensive then 
vsas A eeniime (e^^hniwil rCiisnn f<>! ^he 
use o! BasiL p,irtiLularlv m sJum>Is 
wheie l)ui.lgets wete alvsavs (luhi F>dav 
and in l.icf for sevcial vears n'>vs the v ttst 
ot LiMi^[nitei nK'ni(>f\ has hillen *• the 
pMitit vvheie .mv !<"n>cMning ''ifnoniR ad 
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vantages of using Bisic arv. insignificant. 
Yet in most high schools, the language 
remains almost synonymojs with pro- 
gramming, uespite the existence of other 
computing languages that are demon- 
strably easier to learn and are richer in 



Giving children the 
opportunity to choose 

one style or another 
provides an opportunity 

to develop the skill 

necessary to choose 
between styles. 



the intellectual benefits that can ccmie 
from learning them The situation is par- 
adoxical The computer revolution has 
scarcely begun, but it is already breeding 
its own Ci-nservatism Loi>king more 
close Iv at B.tsic provides a window on 
hi>w a f'onservative social system appro- 
priates and tries to neutralize a poten- 
tialK revolutionarv' instraniert 

Basic IS to computation what 
QWLRF\ IS to typing. Many teachers 
have -earned Basic, many books have 
been written about it. many computers 
Iiave been huih in such a w.iy that Basic is 
"hardwired" into them In the case of iht 
tvpewriter, we noted how pet^ple invent 
*'r.itu>nali/aitions to justify the status quo 
In the case oi BasK . the phenomenon has 
gone much further, to the point where it 
resembles ideology formation Complex 
arguments are invented to justify features 
of Base that were originally included be- 
cause the prinutive technology de- 
nuinded iheni or because alternadves 
were not well enough known at <he time 
the language was designed 

An example of Basic idcoK>g\ .s the 
argument that Basic is easv u> learn be- 
tause it [ as a very small ViK*abti1ar\ Its 
sin. ill voL.d>ularv cm he learned quickly 
enough But using it is a ditferent matter 
f^n>grams in Bjsk acquire so lahynn 
ilune a stru^ tuu iliat »»nl% the most moti- 
vated and htiHiant f' mathematu al'i chil- 
tiren t'o learn to use it for more th.m 
"ri\ i.il ends 

< inr nuL'lit ask \a,[u ttie leachors <lo m)t 
nolKo 'he Mtuultv childten have in 
icaininii BasK 1 he <ins\u'r is simple 
Most lejdi'^rs do not expi\l high per- 
hwiiMiue lioin UK'st students, especially 
1!) a vl'Miiam ot uor^ that .ippe.irs he as 
niaflumalKal <md 't(nmar* .is pn»- 
i'laninung Ihus the ».u, utes general 
pt. [ct'ptiofi ot m.ifiuMiititics <is inaccessi- 
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Computer Cultures, continued... 

bb bolsters the maintenance of Basic, 
which in turn ct)n firms these perceptions. 
Moreover, the teachers are not the only 
people whose assumptions and pred- 
judices feed into the circuit that perpetu- 
ates Basic. There are also the computer- 
ists, the people in the comouter world 
who iTiake decisions about which lan- 
guages their computers will speak. These 
people, generally engineers, find Basic 
quite easy to team, partly because they 
are accustmed to learning such very tech- 
nical systems and partly because Basic's 
sort of simplicity appeals to their system 
of values. Thus, a particular subculture, 
one dominated by computer engineers, is 
influencing the world of educatu)n to 
favor those school students whi) are most 
likt* ihat subculture The process is tacit, 
unintentional It has never been pub- 
tically articulated, let alone evaluated, In 
all of these ways, the social embedding of 
Basic has far more senous ct)nsequences 
than the "digging m" of QWERTY. 

There are many other ways in which 
the attributes of the subcultures involved 
with computers are being projected onto 
the world of education /or example, the 
idea of the computer as an instrument for 
drill and practice that appeaK to teachers 
because it resembles traditional teaching 
methods also appeals to the engineers 
who design computer systems DnP and 
practice applications are predictable, 
simple to describe, efficient m use of the 
machines resources. So the best engi- 
neering t.'^Ient goes int.) the development 
of computer systems that are biased to 
favor this kind of application The bias 
operates subtly The machine designers 
do not actually decide what will be done 
in the classrixjms. That is done by 
teachers and cK'casionally even by care- 
fully controlled research experiments 
But there is an irony m these controlled 
experiments. They are very giX)d at tell- 
ing whether the small effects seen in best 
scores are real or due to chance. But they 
have no way to measure the undoubtedly 
real (and probably more massive) biases 
built \nio the machines 

We have already noted that the conser- 
vative bias being built into the use of 
computers in education has alsi^ been 
built into i>ther new technologies The 
first use of the new techni^k^gy is quite 
naturally to do in a slightly different wa> 
what had been done before without it It 
took years before designers of auto- 
mobiles accepted the idea that ihe\ were 
cars, not 'hDrseless carriages." and the 
precursi>rs of mixlern nK^tum pictures 
were plays acted di. if befi^re a live audi- 
ence but actually in front of a camera A 
whole generalu^n was needed lor the new 
art of motion pictures tc^ emerge as some- 
thing quite different from a linear mix of 
theater plus photography Most o{ what 
has been done up to now in the name of 
•'"ducational technology" or "computers 

o 
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in education" is still at the stage of the 
linear mix of old instructional methods 
with new technologies. 

We are at a point in the history of 
education when radical change is possi- 
ble, and the possibihty for that change is 
directly tied to the impact of the compu- 
ter. Today what is offered in ihe educa- 
tional "market" is largely determined by 
what IS acceptable to a sluggish and con- 
servative system. But this is where the 
computer presence is m the process of 
creating an environment for change 
Consider the conditions under which a 
new educational idea can be put into 
practice today and m the near future. Let 
us suppose that today I have an idea 
about how children could learn mathe- 
matics more effectively and more 
humanely And let us suppose that 1 have 
been able to persuade a million people 
that the idea is a gtH)d tme. F\>r many 
prixlacts such a potential market would 
guarantee success. Yet in the world of 



Basic is to computation 
what QWERTY is 
to typing. 



education ttxla> this would have little 
clout. A million people across the nation 
would still mean a mintinty m every 
town's school system, so there might be 
no effective channel for the milium 
voices to be expressed Thus, not only do 
giHxl educational ideas sit on the shelves, 
hut the process of invention is itself 
stymied This inhibition of invention in 
turn influences the selection of people 
whi) get involved in education Very few 
with the imagination, creativity, and 
drive io make great new inventions enter 
the field. Most of those who do are soon 
driven out in frustration. Conservatism in 
the world of education has become a self- 
perpetuating social phenomenon. 

Fortunately, there is a weak link in the 
VICIOUS circle. Increasingly, the compu- 
ters of ihe near future will be the private 
properly of individuals, and this will grad- 
ually return to the individual the power 
to determine patterns of education. 
Fducation will become more of a private 
act. and people with good ideas, different 
ideas, exciting ideas will no longer be 
faced with a dilemma where they either 
have to ''sell" their ideas io a cc^nserva- 
tive bureaucracy or shelve them They 
will he able io offer them in an i>pen 
marketplace directly to consumer*. 
There will be new opportunities for imag- 
inatK)p and originality. There might be a 
renaissiince of thinking about 
eclucatum □ 
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Classroom 
Computers: 

Beyond the 3 R's 




Fred Bell 



The Classroom computer should, 
and can, go far beyond rote com- 
puter-aided Instruction by teach- 
ing the student to analyze, evalu- 
ate and develop complex skills. 
Perhaps, as a result, the long- 
avfaited "revolution In education" 
will be her& sooner than predicted. 



Since 1965. compi ler buffs, my- 
self included, have Deen promising a 
levolution in education because 
computers are going to school. But 
where Is this re\o8ution? Certainly 
ther» has been at least a modest 
learning revolution; this is apparent 
from the many pr ;>ie who are 
ie«»ning about computers and using 
them to learn other things. !n spite of 
the fact that some worthwhile aopll- 
cations are being done with com- 
puters in a few exemplary schools. 
tiMs learning revolution has yet to take 
place in most schools. There has 
been an evotutlon In school learning 
(at least ir> many schools) that can be 
attributed, in part, to computer tech- 
nology, but no real revolution. 

Before con$idermg the potential 
revolutloruvy effects of personal 
computers upon education, it is help- 
ful to differentiate between school 
learning and out-of-schpol learning. 
The two are not always the same. We 
tend to learn things away from school 
when we want or need to learn them 
und we do so In our own way and at 
our own speed. This kind of learning 
has advantages and disadvantages. 
One advantage comes from higher 
motivation which encourages more 
inspired and efficient learning. On the 
other hand, the tendency to avoid dif- 
ficult or uninterMtIng tasks may 

FrwJ M\. ProfSMor of Mathematics Educa- 
tloo UAivenMiy of Pfttaburgh. Divialon of 
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result In not learning some very useful 
and important things. Consequently 
schools are useful in coercing stu- 
dents, hopefully In a friendly and 
Interesting way. Into learning some 
things that are good for them which 
may not be learned otherwise. Out-of- 
school learning can be both good and 
bad, but so can In-school learning, 
which gets us to personal-computers 
jndtheeducatlon revolution. 

Personal Computers and Dollars 

One of the big reasons why 
personal computers may catalyze a 
revolution In our schools Is that they 
are relatively cheap and should gt* 
even cheaper. Any family that cai. 
afford two color TV sets can now 
afford one color TV and a personal 
computer. Of course, any high school 
that could scrape up $10,000 per year 
for each of 10 yea^ s from a $1 ,000,000 
per year budget could have had nearly 
all cf Its students using a minicom- 
puter since 1969. (See James Saun- 
dar, Mathematica Teacher, May, 
1978, pp. 443-447.) Fortunately, a 
family's decision-making processes 
In buying a personal computer are 
less cumbersome than a sbhooTs. 
Unfortunately for school students, as 
David LIchtma' found (Creative Com- 
puting, January, 1979, page 48), 
educators are less enthusiastic about 
the computer's role In society and Its 
potential for improving education 
than the general public. 

But now, with low-cost personal 



computers, good computer applica- 
tions may Increase in schools. Home- 
computing enthusiasts have already 
begun to take learning out of the 
schools and are putting some of It 
back into the home where It belongs. 
Conversely, as more and more per- 
sonal computers come to school, 
teachers can bring some of this good 
"street learning" back Into the 
schools for the benefit of all students. 
Only $500 remaining in an equipment- 
and-supplles account at the end of 
the fiscal year can buy the first of 
many personal computers for student 
and teacher use. 

History shows that many tech- 
nological innovations that could be 
quite useful In promoting learning in 
schools do not get much use In 
schools until after they are common 
In homes and on the streets; for 
example, TV sets, audio recorders 
and hand-held calculators. Now that 
personal computers are ''on the 
streets," we are beginning ^o see 
them filtering into schools. But will 
they be able to revolutionize educa- 
tion in schools? TV sets, audio 
recorders, calculators, and even mini- 
computers, while affecting what goes 
on in schools, failed to revolutionize 
education. Can we expect the per- 
sonal computer to become a revolu- 
t lonary agent? Yes, I th Ink we can . 

Personal Computers and Motivation 

One of the most nerious problems 
In schools Is that of motivflitlng stu- 
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dents; tnat is, making them want to 
learn what teachers try to teach The 
motivation problem occurs because 
sometimes teachers want to teach 
things (for good reasons) to students 
who do not particularly care to learn at 
the time Perha . the best hope for 
motivating students to learn In schpol 
IS to pay attention to the nature of out- 
of-school learning. It appears that 
people learn non-survival things away 
from school for several reasons: (1) 
People learn to make things work 
(such as cars and computers) because 
they like to have control over Impres- 
sive machines (2) People learn to 
build model airplSnes, radios, book- 
cases, etc because they find satis- 
faction in creating something from 
nothing, or next tonothing. (3) People 
teach classes, give speeches, and 
write a'^icles oecause they like to 
share then opinions and knowledge 
with others and possibly influence 
other people's opinions. Many things 
are learned because people enjoy the 
recognition and approval of other 
people (5) Other activities that are not 
necessary for survival are earned out 
for relaxation, enjoyment, and self 
satisfaction 

But why do so many students dis- 
like learning in school*^ First, stu- 
dents seldom have control over the 
academe machinery of schools; that 
IS, the classroom learning environ- 
nnent Second, creating and building 
tangible ♦hinas occurs all to seldom 
m most ^es. Third, students' 
opinions - e overshadowed by 
teachers' v s in many class- 
rooms Fourtn, many students 
lov/ grades in school, which interferes 
with their quest for recognition and 
approval. Fifth, much of what stu- 
dents have to do in school is neither 
relaxing, enjoyable, nor self-sat«s- 
fymg 

But how can a few personal com- 
puters in a classroom solve these 
motivational problems for students 
and teachers'? Well, computers and 
computer-enhanced learning are not 
educational panaceas, but they can 
give students some real control over 
what they learn and how they learn it 
Making a computer (an electronic 
monster) do one's bidding Is fun for 
many people, in spite of the fact t^at 
It IS, at times, tedious and frustrating 
Writing a computer program and 
making it do what it is supposed to do 
IS creating something — bo*h a 
physical and an intellectual creation 



Most people (including teachers and 
students) are impressed by good 
interactive computer games, simula- 
tions and tutorials, which provide 
recognijon and influence for their 
creators Finally, messing around, in 
a meaningful way of course, with a 
personal computer can be relaxing 
and enjoyable, in spite of many 
minor, temporary frustrations and 
aggravations. 

Therefore, we find that personal 
computers In the hands of students in 
school can remove some of the artifi- 
cial constraints of typical classroom 
environments and replace them with 
some of the personal freedoms 
inherent in many non-school learning 
situations. 

Personal Computers and Learning 

What IS learned in school? Eng- 
lish, reading, writing, arithmetic, 
French, history, etc ? Yes, these are 
some of the subjects that are taught 
but students should learn many other 
things that subsume all subjects. 
That IS, students need to study each 
subject in a manner that permits them 
to function at all of the following 
cognitive levels* 

knowledge 
understanding 
application 
analysis 
synthesis 
evaluation 
problem solving 
knowing how to learn 
creating knowledge 

Schools are fairly good at impart- 
ing Knowledge (i.e., "George Wash- 
ington was the first U.S. president") 
and understanding (i.e., "2 + 3 = 5 
because 2 marbles together wKh 3 
marbles is 5 marbles"). However, 
schools are only moderately suc- 
cessful at teaching applications (out- 
of-school uses for each subject), 
analysis (breaking a skill or concep- 
tual structure into Its parts), synthe- 
sis (building complex skills or con- 
ceptual structures from simpler 
things), and evaluation (comparing 
skills and structures and making 
judgments about them). Schools and 
teachers have even less success at 
teaching students the skills and 
heuristic procedures of problem solv- 
ing, how to learn independently of 
teachers and courses, and ways of 
conducting the research and explora- 
tions that go into creating knowledge 

During the past 15 years we have 



demonstrateo, through many drama- 
tic examples, that computers can be 
used in schools to help teach know- 
ledge, understanding, and applica- 
tions of various subjects— -things that 
were being done fairly well without 
compi.;ers. This is the evolutionary 
aspect of computers in education. 
But what about the higher-level 
cognitive activities, those things that 
we haven't been able to teach very 
successfully in school? Herein lies 
the true power of computers (espe- 
cially personal computers) to really 
revolutionize learning an teaching in 
schools. 

Writing a computer program re- 
quires analysis and synthesis of the 
subject under consideration as well 
as the program itself. A student 
cannot write a program to tutor 
others, play a game, simulate a situa- 
tion, or solve an exercise without 
analyzing the topic being studied and 
synthesizing it into a coherent teach- 
ing/learning program. The synthesis 
required m writing the program 
properly and the analysis in debug- 
ging it provides additional practice at 
synthesizing and analyzing. Since 
many non-tutorial computer pro- 
grams are higher-lever applications of 
topics, the student programmer must 
evaluate the approriateness of alter- 
native approaches to the topic and the 
program. When a student writes 
computer programs to extend and 
clarify topics in school, the six steps 
m problem-solving (posing the prob- 
lem, precisely defining the problem, 
gathering information, developing a 
solution strategy, finding the solu- 
tion and checking the solution) must 
be carried out. On the other hand, 
most so-called "problems" in text- 
books are really exercises for practic- 
mg skills, which require only one of 
the SIX steps of problem solving, 
namely, finding the answer. After 
several years of working with people 
m Project Solo at the University of 
Pittsburgh, we found that many stu- 
dents and teachers could carry out 
independent research of their own 
choosing m computer-enhanced 
learning environments That is, these 
people were creating knowledge and 
learning how to learn independent of 
people who were labeled as the 
teachers and roomfe that were called 
classrooms 

Now personal computers can 
bring the Solo concept of high-level, 
self-motivated learning out of the 
research-and-development laboratory 



and put >t in the hands of large 
numbers of students and 'oachers m 
schooi classrooms. 
Carrying Out th« Revolution 

Even before the advent of personal 
computers (as early as 1972), the 
computertechnologyand courseware 
existed for a revolution in teaching 
and learning in schools. Now per- 
sonal computers with their low costs, 
easy accessibility, total dedication to 
the user, and person-on-the-street 
popularity may provide the long- 
awaited catalyst that is needed to 
make some dramatic changes in how 
computers are used in schools, in a 
few years large numbers of stuoents 
entering high school will be as 
familiar with a computer as they are 
now with a TV set, probably more so 
since they will have actively pro- 
grammed a computer, in comparison 
to watching television passively. 

As a consequence of the popu- 
larity of television, Americans are 
accused of having become spectators 
rather than participants in life 
Personal computing certainly re- 
quires active intellectual participation 
o'^ the part of the user. I have yet to 



hear ol anyone dozing off while 
sitting in front of a personal com- 
puter 

For several years mathematics 
teachers worried about whether kids 
should be allowed to use hand-held 
calculators in school. The popularity 
of calculators outside school quickly 
settled that issue. Nearly every family 
had a calculator. Pre-school children 
played with them and students 
brought them to school. Teachers 
could not ignore calculators because 
It was impossible to keep thern out of 
school; so now they are trying to 
determine how best to incorporate 
calculators and caiculator*related 
skills In'o the school mathematics 
curric m. Even if people try to keep 
pers( jl computers out of schools, 
they are going to fail In a few years, 
when they are more efficiently pack- 
aged and even less expensive, per- 
sona' computers can fill the "lunch- 
box-technology" void created by 
school-lunch programs. Instead of a 
lunchbox, students will be carrying a 
PET or TRS-80 computer on a handle 
to school. When this time comes, an 
Apple for the teacher will really help a 
kid get a better grade in school □ 
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Perspectives of Gifted 
Children and Youth 



Two of ;he three articles in this section were written especially for this book The two high school students 
who were invited to contribute were selected because their experiences with computers were known to 
have had a significant impact on their lives. Although their experiences differ in some respects— one has 
his own personal computer at home, while the other has access to large mam frame computers-~both 
ki>ow that their future lies in the field of computer technology. 

One of the authors, Stephen Bloch, a high school senior, recognizes the same qualities in computer 
experiences as do Papert and Bell. Bloch comments. 

Teaching the skills, habits, and disciplines of computer programming improves a child's (or an 
adult's) ability to think, and these skills should be taught for the same reasons the so-called Great 
Books should. 

In computer programming, nothing can be glossed over, nothing can be left to cure itself, and 
everything must be accounted for. 

The invention of computers has caused irrevocable changes in human society, and within 40 
years will bring about changes we cannot conceive of today. Even if it were desirable to eliminate 
them from our lives, we cannot reject them now without crippling civilization for decades. Obviousiy, 
therefore, we must adapt to them: learn why they work, learn how to use them, and take advantage 
of their grr h by learning from them . Computers are not "newfangled" things that will go out of style 
in 10 years. If we do not teach our kids to adapt to the rapid changes the next 40 years will bring, 
we are making them maladjusted to their world from the start. 

For Christopher Karnes, an 1 1th grade student, his computer has been like a magic carpet As a result 
of his interest, he has participated in activities he probably never would have engaged in otherwise. For 
example. Chris experienced the cfvallenge of taking college courses and the pleasure of successful 
completion while still a high school sophomore. He designed a research study usir:g his computer which 
earned him a first place trophy in the State Science Fair. Chris believes computer experiences can be used 
s. ccessfully by all children and youth because computer programming is a fascinating, creative, and 
Intellectual challenge. 

The final article in this section describes the computer experiences of Safi Bahcall an 11 -year-old 
eighth grade student. The article also presents two programs Safi has developed His intioduction to the 
world of computers is similar to that of Karnes in that they both have TRS-80 personal computers. Safi's 
programs were included to illustrate what level of accomplishment is possible when children are turned 
loose with a computer 



Reflections of A Computer Language Nut 



STEPHEN BLOCH 



My introduction to computers came in 
December 1979 There was a computer 
room in my high school, and through its 
windows I had seen some friends of mine 
typing away feverishly at what I recog- 
nized after some thought as computer 
terminals !♦ took me about a week to find 
enough nerve to knock at the door. Inter- 
estingly enough, it was not the computer 
Itself that I was afraid of I had read 
enough about how computers were a 
man-made invention completely con- 
trolled by humans to be interested, not 
fnghtened. by the prospect of controlling 
them myself I wao afraid of the rites of 
passage into the "computer clique," 
which I envisioned as some sort of Pytha- 
gorean mystical society Fingers crossed 
behind my back, sweat dripping from my 
brow, I raised a fist to knock at the door 
and was greeted with the anticlimactic 
news that I would have to talk to a math 
teacher down the hall to obtain an ID en- 
abling me to use the computer Oh Brave 
New World' 

The computer I was first introduced to 
was a •'minr called the Hewlett-Packard 
2000. It coiild communicate with up to 32 
users at a time, most of whom were con- 
nected by telephone cable from all over 
the county This particular computer "un- 
derstood" only one of the many artificial 
languages on the market today, an edu- 
cational language developed in 1364 
called BASIC BASIC is more readable 
and hence easier for a beginner to under- 
stand than FORTRAN, LisP, or machine 
language However, its unstructured style 
IS responsible for most of the sloppy pro- 
gramming in the world today, because so 
many programmers like myself first 
learned BASIC Its greatest selling point 
IS that It IS by far the most widely known 
language for personal and sma!l busi- 
ness computers m the world Regardless 
of the language, however, the multi-user 
system was appropnate for a beginner 
because there were always plenty of 
expenenced people to talk to via a nnes- 
sage-sending program built into the sys- 
tem The ability to call on more experi- 
Q -^nced people for help is important m 
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learning to program and use a computer, 
and every multi-user system I have 
worked on has had an easily accessible 
program to perform this message-send- 
ing function 



Exploring Computer Languages 

During the first year of my computer use 
I was restricted to BASIC, though I did 
use two of the dozens of different ver- 
sions of It In 11th grade I took the Com- 
puter Science 11 course and was intro- 
duced to FORTRAN, one of the oldest 
computer languages, dating to the late 
1950's I didn't like it, partially because 
the nearest computer that ran it was a 
different model that had more compli- 
cated commands and no documentation 
to explain how to use them Because of 
this association, and the fact that it con- 
tained few features our version of BASIC 
lacked, I still dislike FORTRAN. However, 
the idea of the existence of languages 
other than BASIC, to which I had grown 
so accustomed that I had almost for- 
gotten It was an invented language to be- 
gin with, intrigued me 

I started trying to write my own lan- 
guage, modestly called BLOCH (Branch- 
Loop Onented Computer Handler) ^ind 
found that I could not write it efficiently 
without a language specifically designed 
for writint computer languages There- 
fore, I started learning SPL, Systems Pro- 
gramming Language I had little success 
writing in it, but its modular structure was 
quite different and far more logical than 
the linear structure of BASIC and FOR- 
TRAN Then I tried PASCAL, a similar 
modular instruction language my falhei 
told me about I visited my cousin at MIT 
and found that his computer science 
course used one of the oldest structured 
languages, LisP (List Processing lan- 
guage) I started trying to learn that, 
which was difficult because I had no LisP 
instruction mar jal. and of the two m exis- 
tence, one was obsolete and the other 
incomplete ^ 




I joined an Explorer post in my area 
whivjh met every week at the Honeywell 
building for 2 hours to learn about com- 
puters, and found to my delight that their 
computer ran LisP A fnend in my Coni- 
puter Science class mentioned a lan- 
guaged called FORTH, in which pro- 
grams consisted entirely of words defined 
in terms of each other, and this interested 
me All of these languages, collectively 
referred to as "high-level languages," 
were based upon and defined in a ma- 
chine language, which is fast, compact, 
and utterly unreadable. Then I started to 
wonder what such a low-level language 
was really like In short, i went language 
crazy, and I still am to some extent. 

When introduced to computers, most 
people find some area of special interest 
in which they, too, "go crazy," though not 
many are language nuts as I am For ex- 
ample, one of my fnends does only what 
programming is required for class and 
spends most of his time improving 
and testing a homemade microcomputer, 
which he has now built up to the level of 
a relatively cheap hand-held program- 
mable calculator, but which has far more 
capacity for expansion My Explorer post 
IS divided into three groups, roughly 
equivalent to patrols in Boy or Girl 
Scouts, which concern themselves re- 
spectively with software, hardware, and 
simulations (programming a computer to 
act like a different type of computer or 
to understand a different language) and 
although every Explorer does some pro- 
gramming, we work mostly within our 
groups 

One effect seen in people, especially.^ 
teenagers, who spend a lot of time with 
computers is somewhat fnghtening. In 
some cases they forget how to commu- 
nicate with everyday, illogical humans 
The closest approach to this I have seen 
myself is a tendency to semiconsciously 
speak in jargonese and buzzwords ("trou- 
ble utilizing the FOPEN intnnsic m an 
SPL sysdump program that breaks secu- 
rity by FCOPYing the low-memory end of 
the working-directory RAM") with people 
who know little or nothing about comput- 
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ers This effect can be avoided if the per- 
son concerned works on computers less 
than about four hours a day, but fts exis- 
tence gives one pause 



The Attraction of Computers 

We have seen *hat young people are of- 
ten naturally attracted to computers for a 
variety of very basic reasons ("Ooh. look 
at the pretty colors'" 1 ♦ake the center 
square " "We'll show those Klingons' 
Ahead Warp Factor Four"" "If I bishop to 
Kings knight five, he'll probably 
"Where in the user-input routine do I want 
the orror-trap subroutine to return to*?") 
Computers are virtually impossible to de- 
stroy or even mildly confuse without a 
long-term, conscious effort, and even 
witn one — I've Uied' The most lm^y0^tant 
requirement to learning about or even 
with computers is freeing oneself from 
hangups about robot revolutions and 
looking foolish, so that one can concen- 
trate or learn'ng from and teaching these 
idiot-savant machines Now that you 
know more or less how to learn about 
computers, it might be nice to know why 
as well 



The Need for Computer Literacy 

Over the past few years numerous rea- 
sons to glofify computers have been 
found, so I'll skip briefly through the more 
obvious ones to one I feel is both more 
valid and more important for gifted chil- 
dren than all the rest combined The use 
of the computer as a teaclier's aide de- 
pends on optical-scanner forms, from 
general ones a teacher can use for 
multiple-cholce tests to nationally stan^ 
dardized tests like the SRA/ITED. the 
PSAT'hAMSQT, and the SAT Without 
black No 2 pencils to fill in the entire 
circle but not lap outside it (see example 
on your test booklet, back page), our col- 
leges and high schools would come to a 
screeching halt within a month or two' 

Many high schools and most colleges 
have kept grading, scheduling, and atten- 
dance information on computer files or 
years But a system in which teachers 
use computers regularly and students not 
at all will clearly give young people the 
impression that computers are "arown-up 
thtngs" which they are not allowed to use 
Adfliittedly, the feeling of forbiddenness 
often adds a thnll of danger, but in this 
case It also prevents students from ask- 
ir.^ their teachors for help 

One commonly cited reason for teach- 
ing kids about computers is the immense 
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practical value such skills will have in a 
computer -onented world, both injob-find- 
ing and in everyday life. However, a major 
goal of today's programmers is to make 
computer programs more and more 
"friendly" so computer training beyond 
the point of losing the fear of computers 
will have little practical everyday use 

A mere significant development, how- 
ever, IS the series of programs written in 
the last 5 years, as program generators 
A person with little or no skill at pro- 
gramming can specify in everyday En- 
glish what he or she wants a program to 
do, and a program generator such as The 
Last One will write it quickly The Last 
One works best for applications pro- 
grams, those which serve a soecific pur- 
pose such as playing a game or predic- 
ting the position of a spaces^^p. but 
YACC (Yet Another Compiler Construc- 
tor) or something similar will quickly write 
an interpreting program for almost any 
language you can specify What all this 
means, according to many computer au- 
thorities, IS that in 20 to 30 years there will 
be little need for human programmers at 
ail 

The purpose of bringing up children 
with computers may not, therefore, be to 
prepare them for the abundan! jobs of a 
computer-oriented world, such a world 
would indeed have plentiful jobs in com- 
puter operation and programming A 
technological advance cannot be consid- 
ered as having been truly accepted until it 
becomes ludicrous to even talk about be- 
ing "oriented" toward it One might call 
our society "television oriented" or even 
"automobile oriented," but only the most 
precise anthropologists would call it 
"wheel oriented " Granted, wheels have 
been around for thousands of years, but 
in view of the incredibly accelerating pace 
of technology in this century, I doubt that 
computers will take over 50 years to 
reach the same level of acceptance and 
ignorability 

As far as ' can see, the greatest boon 
of computer literacy is a fairly intangible 
one Teaching the skills, habits, and disci- 
plines of computer programming im- 
proves a child's (or an adult's) ability to 
think, and these skills should be taught 
for the same reasons the so-called Great 
Books shoukJ. For example, Euclid's Ele- 
ments contains little factual knowledge 
that has not been rehashed and then 
taught in an easier fashion, not to men- 
tion Its relative inapplicability to everyday 
life, dealing as it does with a system that 
does not reprosent reality, as Euclid 
knew quite well The benofit of the Ele- 
ments IS simply that it teaches the habits 
of clear, rigorous thought in the same way 
computer programming does 
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In computer programming, nothing can 
be glossed over, nothing can be left to 
cure Itself, and everything must be ac- 
counted for If seemingly insignificant 
problems are ignored, ihey often man- 
ifest themselves in grandiose ways, com- 
monly known as bugs or zarkas (A sim- 
ple example might be a chess program 
that, whenever you leyahy take one of its 
pieces, eliminates instead your corre- 
sponding piece ) As a result, program- 
mers, even if they communicate only with 
"fr'endly' computers in spoken English 
gradually learn to think more clearly and 
with greater comprehension of the ab- 
stract effects of their actions 



Children and Computers 

If computer use and familiarity are indeed 
to be taught widely, as I have suggested, 
I believe they must bo started aarly in life, 
preferably in the lower elementary 
grades Children have several advan- 
tages over adults in the process of learn- 
ing As I have already mentioned, they do 4 
not have a fear of looking foolish A child. -;j 
at least before adolescence, trying to 
learn a complex skill like computer pro- 
gramming often couldn't care less about 
his or her reputation and simply wants to 
learn more about these fascinating ma- 
chines An adult not already experienced 
at computer work might spend hours 
searching in his own mind for an answer 
while a bright 10-year old working on the 
same problem will ponder for only a min- 
ute or two before asking someone more 
knowledgeable for help 

The danger of kids losing their social 
skills by immersion in computerese may 
be averted, not aggravated, by an early 
introduction This phenomenon is most 
common in teenagers who are new to 
computers and still excited about them as 
an end in themselves Children who grow 
up with computers as a fact of life are less 
likely to |ump into them with the same 
all-consuming fervor I have occasionally 
witnessed and fallen victim to, but will be 
more likely to simply accept computers 
for what they are 

It IS a well-known fact that children are 
particularly adept at learning languages. 
^ and I suspect that this ability applies 
equally to logical thought patterns of the 
sort one develops after a few hours of 
playing chess, twisting a Rubik's cube, or 
programming a computer In any case, 
such computer languages as BASIC. 
PASCAL, and LisP certainly qualify as 
languages in the way they are learned, 
though they may have smaller vocab- 
ularies and more logical (and hence more 



easily learnable) grammafs than do hu- 
man languages Children, therefore, 
should have less trouble learning both the 
techniques and the disciplines of com- 
puter use and programming than adults 
would In addition, they can more fully 
internalize the logical thought patterns 
necessary for good programming, so 
they benefit more from the * aining 



Conclusion 

The invention of computers has caused 
irrevocable changes in human society, 
and within 40 years will bring about 
changes we cannot conceive of today 
Even if It were desirable to eliminate them 
from our lives, we cannot reject them now 
without crippling civilization for decades 
ObviOusly therefore, we must adapt to 



them learn why they work, learn how to 
use them, and take advantage of their 
growth by learning from ihem Computers 
are not "newfangled' things that will go 
out of style in 10 years If we do not teach 
our kids to adapt to the rapid changes the 
next 40 years will bnng. we are making 
them maladjusted to their world from the 
start 
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It started with Games 



CHRiSTOPHER KARNES 



My interest in computers began about 4 
years ago '^^er meetmg a graduate stu- 
dent who was working on his dissertation 
He had acquired the use of a computer 
terminal and invited me over to play some 
computer games I was fascinated by 
whatthe computer could do After that my 
interest in computers was sustained by 
an occasional book or magazine from the 
university library In addition, my interest 
m electronics was fostered by working 
with several Radio Shack kits 

Then, suddenly, from out of thin air, my 
parents gave me a nnodel 1 TRS-80 mi- 
crocomputer with level 1 BASIC and 4K 
memory as a Christmas gift This was 
about 2 years ago and came as quite a 
surprise to me 

For the next week, I practically locked 
myself in my room and worked through 
•the entire level 1 BASIC manual t had 
some previous experience with TRS-80's 
so the first few chapters were relatively 
easy For the next couple of months, my 
time was spent writing BASIC game pro- 
grams, and reading more about BASIC 
and computers in general 

The computer even helped me in my 
school work I could write programs to 
quiz myself on spelling words and sci- 
ence and history terms I even integrated 
the computer into an independent study 
project that was required in my school's 
gifted program The topic of the project 
was focused on teaching elementary 
school children TRS-80 level 1 BASIC 
The project was completed with much 
success 

That summer I began to realize the lim- 
itations of the compute' hardware I pos- 
sessed and how the hardware vvas lim- 
iting my software production So, toward 
the end of the summer I upgraded my 
computer system's memory to 16K and 
language capacity to level 2 BASIC This 
brought my computer system closer to 
the standards i desired 

During the same summer, I attended a 
computer camp on the University o* 
Southern Mississippi campus This was 
quite an experience botn educationally 
and socially for it introduced me to some 
friends throughout the state that I still call 
on when in need of programming ideas 
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The next year, when I entered the tenth 
grade, I already knew what my first mde- 
penaent study project was going to be I 
wanted to do something with a language 
other than BASIC I chose FORTRAN a 
language that I had been introduced to at 
the summer computer camp But jusi 
learning FORTRAN wasn't enough I had 
*o nave something to show for 9 weeks of 
work So I decided to write a game m 
FORTRAN The game was to be entitled 
FANTASY and was to be based on the 
popular role-playing game Dungeons 
and Dragons 

Then the question arose as to what 
type of resources should be used The 
university library had several books on 
FORTRAN, but that wasn't enough for 
me The best resource I could think of 
was a university course I could learn 
about FORTRAN and get college credit at 
the same time I decided to do it, and it 
wasn't difficult at all Some of the con- 
cepts I used in my game program would 
later be taught in the FORTRAN course 
and some of the concepts taught in the 
FORTRAN course I would later use in my 
program 

At the end of the 9 weeks, I had a fan- 
tastic 1000 ' line game program to sub- 
mit as well as numerous programs com- 
pleted in my FORTRAN course, and I still 
had half of the fall semester to compteto 
my FORTRAN course, which I did suc- 
cessfully It was onf* of the most chal- 
lenging experiences in my life In addi- 
tion. It helped me in many ways besides 
just learning FORTRAN My grades m 
school rose to new heights. I developed 
better study habits, and my interest in 
computers was strengthened 

I enjoyed my first college class so 
much that I enrolled in an advanced FOR- 
TRAN course during the spring semester 
With the new course came two new inde- 
pendent study projects The first was a 
study on whether the season of birth af- 
fects tfie level of a person s intelligence 

For this project, I used a statistics pack- 
age available on the University computer 
system The data were collected from 
several school districts on children cur- 
rently enrolled n gifted programs This 
project not only gave me a strong knowl- 



edge of statistics and research tech- 
niques, but gave me a first place trophy in 
the State Science Fair in the category of 
Behavioral and Social Sciences 

I wanted my final independent study 
project to be spectacular and challenging 
so I decided to develop nr.y own applica- 
tion language to be implemented on the 
TRS-80 The language was to be used to 
utilize fully the TRS-80 S limited graph- 
ics capabilities and was to use many of 
the best features of BASIC, PASCAL. 
FORTRAN and COBOL The language 
was to be called GRAPHIX and was to be 
divided into relocatable modules that 
could be called upon whenever needed 

The projijct ran into some problems 
during the middle of the 9 weeks mainly 
due to a major hardware malfunction and 
IS currently in the process of completion 
I am hoping *o use this project as my 
1982 Science Fair entry 

Currently, as of the summer of 1981, I 
am assisting with a 2 week summer pro- 
gram for the gifted at Mississippi State 
University in which 1 week is devoted to 
working with computers I am also trying 
to get FANTASY, along with several other 
games written for the TRS-80, published 
as well as completing GRAPHIX I am 
now enrolled in two new courses at the 
University, one on COBOL and the other 
on BASIC My primary interest now is 
computer graphics and I am saving mon- 
ey to purchase a high quality computer 
graphics board to interface my TRS-80 
which I recently upgraded by adding a 
variety of peripherals 

I've kept up an extensive computer li- 
brary which I have supplemented with 
subscriptions to Creative Computing and 
SO-mtcrocomputer, as well as many 
books and textbooks I also make exten- 
sive use of the university library which 
carries many journals and magazines as 
well as a large assortment of books 

For undergraduate school, I plan to at- 
tend the University of Southern Missis- 
sippi or another university depending on 
scnclarship availability For graduate 
study, the Harvard Institute of Computer 
Graphics is a r^ossibiiity 

I look positively at a career in computer 
graphics which combines my interests in 
computers with my interests in the arts 

Computers can be used with great sue 
cess by all of today's youth because com- 
puter programming can be fascinating as 
weN as a great creative and intellectual 
challenge 



Chf! topherJ Karnes is a student at Hat- 
tiesburg High School and the University 
of Southern Mississippi 



Two Programs from a Young Eighth-Grader 



SAFi BAHCALL 

introduction by Harold Nelson 



What would happen if young children 
were given free access to a personal 
computer to use at their pleasure — not 
just to play games and run prepared pro- 
grams, but to use when and where they 
wanted for whatever purpose they saw 
fit? 

The accompanying programs are ono 
example of what can happen and their 
author represents the kind of young self- 
taught computer scientist that can result 

Eleven-year-old Safi (a nickname for 
Assaf) Bahcall is in the eighth grade, hav- 
ing skipped fifth grade, at his local middle 
school in Princeton, New Jersey He is 
now completing tenth-grade geometry, 
already having completed Algebra I He 
says, I do well m math, even though sci- 
ence IS my favorite subject " He likes 
physics, though all areas of science inter- 
est htm 

I like computers an<i have spent a lot 
of time with them." he admtts— a lot of 
time in the past two years, that is He 
began working on computers by simply 
going into his local Radio Shack store 
every afternoon and just messing 
around with the TRS-80 there " This went 
on for some time while he taught himself 
BASIC from several TRS-80 books 

Safi s father (who is employed at the 
Institute for Advanced Study at Prince- 
ton) then got a Radio Shack TRS-80 Lev- 
el I computer with 4 K bytes of memory 
Safi, with advice from a fneno ol his fa- 
ther quicklv added an expansion inter- 
face increased the memory to 16 K 
bytes, and added Level 11 BASIC 

He also added an RS-232C serial inter- 
face and modem (modulator demodula- 



tor) which allowed him to use the tele- 
phone to tie into the Princeton University 
computer 

When he hooked up to the Princeton 
computer, he discovered that their termi- 
nal program allowed him to input data but 
not to display it on his video terminal So, 
with a friend, he simply edited their termi- 
nal program Now he can see what he is 
typing in Whenever he does tie into the 
Princeton system, he usually has some- 
thing specific to do For example, he 
prepared the following programs and de- 
scriptions using the text-editing capabili- 
ties of the Princeton computer 

There are two Apple computers at 
Safi's school, but he says they are mainly 
used for games He has, however, helped 
some teache'-s with programs for algebra 
and science He has also written a pro- 
gram for the TRS-80 called Dog Race 
that helps his younger brother practice 
addition The program 

"asks you your name and how many peo^ 
pie you want to play You can play against 
the computer, and you can play against 
whatever level of difficulty you want the 
computer to be Then what happens is. 
on the screen, you see two dops that be- 
gin at the left edge and are labled Bnan 
(or whatever your name happens to be) 
and Computer, or Bnan and Joe if two 
people are playing Then the computer 
asks the first person a problem and, if he 
gets It right, his doy starts moving so 
many spaces toward the right edge of the 
screer Next, the second person is asked 
a different question and if he gets it right 
his dog moves over, or if it's the comput- 
er, depending on the level of difficulty. 



there is a certain chance that it will make 
or miss the problem ' 

Safi has written another program to 
help his nine-year-old brother with his 
weekly spelling words But his biggest /o5 
to date has been working for a person in 
the Astronomy section of the Institute for 
Advanced Study He wrote a fairly long 
program that used the Monte Carlo meth- 
od (a statistical technique) to test the vir 
lal theorem (a theory from the branch of 
physics known as statistical mechanics) 
The person Safi was working with gave 
him the equations, but Safi devised the 
way to program them "I did it for him." he 
says proudly, "and I got $120 from the 
Institute for doing that one |ob I am cur- 
rently working on another version of the 
program " 

Safi IS Sciving his money to get a pnnt- 
er At present, he still has to go to the 
Radio Shack store with tapes of his pro- 
grams to get listings 

If you are wondenng why a store would 
let a child come in and start using com- 
puter equipment, the reason might be 
that he helos sell computers For exam- 
ple, when he went to get a listing of his 
Dog Race program, some people came 
over and their children started trying out 
the game In fact, the children sat there 
and played the game all the way through. 
A-, a result of this, the parents were inter- 
ested in getting a personal computer of 
their own 

When a<5ked about his plans for the fu- 
ture, Safi says, "I've been thinking about 
something with computers I've already 
made $250 " (He has now published two 
more programs ) 
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Any Old Base 

Here is a once'in-a-lifetime oppor- 
tunity to acquire a simple program 
that converts numbers from one 
mathematical base to another mathe- 
matical base My program converts a 
number expressed m any number 
base from two thru ten to a decimal 
number (base ten) The first version 
of my program in listing I converts an 
eight-character binary [base twol 
number into decimal form 

Before going any further, it is 
necessary to understand how to 
calculate decimal numbers from 
numbers in different bases and how 
to construct bases (not the military 
kind, but the kind you use m math) If 
vou are talking to someone and you 
say, l bought 120 eggs," you're 
referring to 120, base ten Ecich 



Lifting i 

10 CLS 
20 REM 

30 REM BINARY TO DECIMAL, BY SAFI BAHCALL 
40 REM CONVERTS AN 8 CHARACTER BINARY TO 
50 REM DECIMAL. 
60 REM 

100 INPUT"BINARY NUMBER ";A$ 
110 IFLEN(A$ )<>8THEN 100 
120 FOR I = 8TO 1 STEP -1 : T«T + 1 
130 A(T)«VAL(MID$(A$,M)) 
140 IFA(T) <0OR A(T)>1 THEN 100 
150 NEXT I 

160 REM CALCULATE DECIMAL • • 

170 FORI«0TO8 

180 DEC«DEC + ( A(I)-(2f(I-l)) ) 

190 NEXT! 

200 ?^^DECIMAL = ";DEC 

210 ?:?:INPUr^ANOTHER CONVERSION ";W$ :IF LEFT 

(V/$J)«^*N"THEN END 
220 END 



. » 

Run of Listing 1 




BINARY NUMBER 


lOOi 


DECIMAL = 249 




ANOTHER CONVERSION '^Y 


BINARY NUMBER ?0101 


1000 


DECIMAL = 88 




ANOTHER CONVERSION 'N 


READY 




> 





digit in the 120 {1,2,0} stands for 
a certain amount of a certain 
amount This means that this number 
stands for 0 ones (Oxl(Pj, 2 tens 
(2x10^1, and 1 hundred (Ix^lO^j In 
base ten, you read the number from 
right to left, starting with the 
amounts of 10^(01, 10'(2l 10^(lhetc 
It's the same m other number bases, 
except that instead of the ten you use 
the other baGC number In the same 
way, you have m base five sofne 
number of 5", 5\ 5^. etc Let's say 
you have a 131 in base five That 
means 1 one (1 x5^l, 3 fi^es (3x5^1, 
and 1 twenty 'five 1 1 x5^ I Usingyour 
pocket calculator, you find that this is 
41 in decimal form 

This IS the explanation of the pro- 
gram m listing 1 There is just one m- 
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put to the program and that is an 
eight-character binary numeral (base 
two) The eight -character binary 
numeral is a string called A$, The 
program stores each character of the 
A$ string in an array called A Lines 
no thru 150 check to see that the 
number is in binary form and store 
the character in array A Lines 1 70 
thru 190 calculate the decimal value. 
The way the program does this is by 
multiplying the first character on the 
right by the second by 2K etc, then 
adding the results The characters in 
the array are stored from right to left. 
Line 200 prints out the decimal 
value Line 210 asks you , or another 
binary number 

There are many things you can 
vary You can change the length of 
the binary numeral (which I made 
eight in listing 1) by deleting line 110 
and changing the eight in line 170 to 



the length you desire If you wanted o 
number ten chcnracters or more, you 
would have to DIMension array A to 
your number. 

All these changes plus another are 
included in listing 2. In listing 2, the 
input IS the base and the number The 
program now checks whether or not 
the number is within limits of the 
base The >estrictions are that the 
number he less than 100 characters 
long and the base be two thru ten 
These are the main differences be- 
tween listing 1 and listing 2. V is 
assigned the length of your number 
and B the base, all the other variables 
are the same as in listing I The 
calculational technique remains the 
same, but the 2 in line 180 of 
listing 1 IS replaced by the base (B) 

To sum It up, if you are a base 
fanatic or want to impress your 
friends, use these programs 



Listing 2 
10 REM 

20 REM PROGRAM BY SAFI BAHCALL TO TRANSFORM ANY 
30 REM NUMBER IN BASES 2-10 TO DECIMAL. 

40 REM : 

50 DIM A( 100) 
60 CLS 

70 INPUr^BASE ";B 
80 IFB<2 0R B>10THEN70 
100 INPUT^^NUMBER ";A$ 
110 V«LEN(A$) 

120 FORI«VTO 1 STEP-1: T = T+1 
130 A(T)«VAL(MID$(A$,I,1)) 
140 IFA(T)<0OR A(T)>=BTHEN100 
150 NEXT I 

160 REM • • CALCULATIONS * * 
170 FOR I »0 TOY 
180 DEC«DEC-f( A(I)'(BI (I-D) ) 
190 NEXT I 

200 ?"DECIMAL EQUIVALENT ";DEC 

210 ?:?:INPUT" ANOTHER SIMULATION ";W$:IF 

LEFT$(W$,1)-"N" THEN END 
220 END 



Run of Listing 2 

BASE ^ 3 
NUMBER ^ 22 

DECIMAL EQUIVALENT = 8 



ANOTHER SIMULATION ^ 

READY 

> 




How Much Have You Lost or Gained? 



Gold IS going up, silver is going 
down, and all the commodities are 
jumping around If you have some- 
thing invested in commodities, this 
program wi// interest you. It works 
on a TRS-80 Level 11 computer, and 
after you input how much money you 
have invested, how many ounces (or 
whatever standard unit) you bought, 
and the going rate per unit for your 
commodity, it will tell you the net 
amount you have gained or lost In 
the net I include, for example, a three 
percent investment fee and a one per- 
cent selling fee, so if you bought the 
commodity at the same rate at which 
you sold It, you lost four percent. 

The variables are A for amourt of 
money invested, O for the amount of 
standard unit, and RATE for the cur- 
rent rate 

Lines 4 thru 100 are for decorative 
purposes only and are not necessary 

If you cannot remember how much 
you spent on the commodity, only the 
going rate ui *hat time and how many 
units you bought, change line 110 to 
read 

no INPUT 'RATE (PER STAN- 
DARD UNIT} AT WHICH YOU 
BOUGHT THE COM- 
MODITIES', V 

Also, add line 135 to read 

135 A^V*0 

Ai V this IS completed, the computer 
will ask you the rate at which you 
bought the commodity It will derive 
how much money you spent by multi- 
plying that rate times the number of 
standard units you obtained 

Line 140 adds the three percent in- 
vestment fee to the total amount you 
have spent. Line 150 calculates how 
much your commodities are worth, 
and deducts the one percent selling 



fee (To change the percentages, 
change the numbers in these two 
lines.} Line 160 assigns the difference 
between the current value of your 
commodities and the purchase price 
of your commodities to DI Line 170 
branches off to another part of the 
program, depending on whether or 
not you have gained or lost money 
Line 300 tells you how muck money 
you have gained, line 180 tells you 
how much money you have lost You 



are limited to a gain or loss of 
99, 999 99 In case you do not own a 
Level II TRS 80, the question marks 
in tke listing are skortkand for 
"PRINT" statements. 

If you are a person wko just gives 
your money to a company tkat can in- 
vest it m any way tke company 
decides, or if you are just curious 
about kow tke money you kave in- 
vested in commodities is doing, you 
can find out using tkis program 



Listing of Gains/Losses 



4 

5 ' PROGRAM BY SAFI BAHCALL TO 

6 ' CALCULATE GAINS/LOSSES IN 

7 ' COMMODITIES 
8 

iO CLLAR 500 ^%^''lim II" . 

20 -> STRING'*^(63,131) ? TAB(17r' COMMODITY CALCULATOR "' 

30 ? STRING$(63,131) 

100 ' 

1 10 INPUT'AMOUNT OF COMMODITY INVES'^ED (IN DOLLARS) A 

120 INPUT-AMOUNT (IN STANDARD UNIT) OF COMMODITY BOUGHT ",0 

130 INPUTXURRENT RATE OF COMMODITY (PER STANDARD UNIT) ",RA1E 

140 LETA«AM03 ' ADD 3% INVESTMENT FEE 

150 LET G = (RATE'0)- 99 ' CALCULATE VALUE+ 1% SELLING FEE 

160 LET DI- G-A ' CALCULATE DIFFERENCE 

170 IF DI«0 THEN 300 

180 '> ?"YOU LOST". ?USINGE$,-DI/'?" DOLLARS " 

190 ?-TAKING INTO ACCOUNT THE 3% INVESTMENT FEE." 

195 ^^'AND THE \ % SELLING FEE " 

200 ^ INPUr^ANOTHEP SIMULATION ",W$ iFLEFT$(W$, 1) = ^'N" THEN END 

300 ? ?-YOU GAINED ^USINGE$,DL DOLLARS " GOTO190 

999 END 



Run of Gains/Losses 



' COMMODITY CALCULATOR ' 

AMOUNT OF COMMODITIES INVESTED (IN DOLLARS) ? 16000 
AMOUNT (IN STANDARD UNIT) OF COMMODITY BOUGHT ^40 
CURRENT RATE OF COMMODITY (PER STANDARE UNIT) ^520 

YOU GAINED 4112 00 DOLLARS 

TAKING INTO ACCOUNT THE 3S INVESTMENT FEE, 

AND THE 1% SELLING FEE 

ANOTHER SIMULATION? 
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Computers at Home 



This brief section highlights the value of providing computer experiences at home. In the first article, 
Teaching Parents About Using Microcomputers, Dwyer and Critchfield maintain that the fundamental 
prerequisite for involving children m creative programming is to have parents explore and be creative 
themselves. The article outlines sample topics for informal workshops in the art of personal computing 
The authors believe that schools should consider offering computer workshops for parents so that they, 
in turn, can help strengthen the computer experiences of their children. 

In his article, Children and Home Computers: Some Observations on the First Generation, Bernard 
Banet, developmental psychologist, curriculum developer, and father of an 8-year-old, reflects on the 
present and future of home computers and their use m\h young children. This article was included as food 
forthougnt for parents who are making decisions on how to involve their children in activities using home 
computers 

The final article. An Apple a Day Keeps a Kid Occupied by Ron Buszta is a very short piece written 
by the father of a 4 Vz-year-old It was included in this collection to show that even very young children find 
computers stimulating, educational, and fun' 
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Teaching Parents About Using Microcomputers 



THOMAS A. DWYER 
MARGOT CRITCHFIELD 
University of Pittsburgh 



Introduction 

Most educators will readily admit the im- 
portance of home learning experiences 
for a childs intellectual development 
While schools can do a great deal, the 
youngster whose parents use language 
and nnathematics with zest in their daily 
lives has opportunities for incidental 
learning that nourish the intellect Just 
how this mental diet is absorbed is a mys- 
tery, and trying to solve this mystery is 
bound to give learning researchers job 
security for some years to come Mean- 
while, much can be done 

Most parents try to feed their children 
the seven basic food groups and fend off 
junk food There is also some wisdom 
accunnulating regarding informal learning 
which can help them do something simi- 
lar for their children's minds (besides just 
turning off the TV set) 

Buying an encyclopedia or a set of The 
World s Great Literature for Young Peo- 
ple IS a good start, but more is needed 
Involving the young person in doing 
something creative— something that re- 
quires the use of the abstract symbols of 
language and mathematics — is vitally im- 
portant But It IS not always easy to do 
this 

Enter, the Computer 

The significance of the home microcom- 
puter for informal learning is that it pro- 
vides a whole new range of interesting 
things for young people to create with the 
help of their parents — computer pro- 
grams Making the connputer do some- 
thing can be a fascinating intellectual ac- 
tivity, not just for the adult hobbyist who 
"pushes bits around." but for the young 
child who creates a Simple picture on the 
computer And the skills of reading, typ- 
ing, arithmetic, logic, algebra, vocabu- 
lary, etc , which are brought into play dur- 
ing this activity provide a kind of practice 
quite different from the workbook or drill 
lesson 



The question is, car^ parents, without a 
technical background, learn enough 
about programming (and about what the 
computer is and can do) to make this new 
intellectual tool effective for their chil- 
dren^ To say this another way, how do 
you master a machine that can be used 
so many ways? Some are simple to deal 
with (for example, learning to play a pre- 
programmed game on a microcomputer 
IS no problem) But getting this same ma- 
chine to do things that go beyond the ap- 
plications shown in books takes both cre- 
ativity and know-how 



Short Courses for Adults 

To explore the possibility that tho "aver- 
age" adult could meet this kind of chal- 
lenge and become an inventive computer 
user, we've recently been developing and 
teaching a number of tnfornnal workshops 
in personal computing These have re- 
vealed a range of talent and flexibility that 
IS heartening The syllabus we have de- 
veloped as a result of working with these 
adult beginners Is quite broad, but we be- 
lieve that It IS particularly relevant to the 
parent who wishes to act as an informal 
teacher using a home computer The fun- 
damental prerequisite fa involving your 
child in creative programnning is to do 
some exploring yourself — to be creative 
This means knowing a lot more than how 
to run a packaged CAI program 

Our workshops have, therefore, been 
designed as an introduction to personal 
computing for persons without previous 
experience in the field who nevertheless 
want to attack it creatively. To put it an- 
other way, the workshops are for anyone 
who wants to get started on the fun and 
satisfaction of "solo computing " 

Learning to gc solo with a computer 
means learning to be in charge — to know 
not only what the computer can do, but 
how to make it happen It's the difference 
between admiring the wonders of jet flight 



from a passenger's seat, and moving up 
front to do a few lazy eights around the 
sky yourself 

Fully mastering personal computing at 
that level takes a while, of course, and a 
five or SIX week workshop should only be 
labeled as a start But it's an important 
start, and taking a <?olo approach — even 
at the beginning — is less difficult than 
might be suspected 



Course Content 

Three core questions seem to be upper- 
most in the minds of adult students (a) 
What are microcomputers'^ (b) How do I 
choose one v;isely'^ and (c) How do I go 
about using it for the applications / have 
in mind — including learning in the home'^ 
We've translated the^? questions into 
three mam goals for the workshop The 
first to help students develop some tech- 
nical familiarity with the microcomputer 
field, especially as it applies to personal 
and business computing The second is 
to share what we and others have 
learned about evaluating and buying a 
personal computer system The third is 
to explain (through concrete examples) 
how to use a microcomputer to its full 
potential. 

There are many specific topics sug- 
gested by these general goals, and a few 
new ones seem to surface each time we 
teach the course We've tentatively 
grouped the topics of interest under sev- 
en headings The headings and some of 
the topics they include are as follows 

Group 1 The New Look in Computers 

What/s a computer'^ 
Using a personal microcomputer 
Inside microcomputers, the LSI break- 
through 

But IS personal computing a good idea'? 
What to do until the computer arrives, 
using time sharing 
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Group 2 The What and How of Micro- 
computer SysterDS 

Microcomputer system terminology, 

sample systems 
Communtcatir^g with a microcompuier. 

peripherals and i O 
Computer central the C^U and memory, 

more on I O jargon 
Mass merTX)ry the world of megabytes 
The mix and match problem, customized 

versus packaged systems, examples 

Qrovp 3 Mind Over Machine Computer 
Software 

Kinds of software system versus applica- 
tion programs 
An Jntroduction to BASIC 
Extended BASIC 

Structured programming designing and 
writing a lor>ger program 

Group 4 Selecting and Buying a Mi- 
crocomputer 

DevetoDing a checklist of your needs, ex- 
amples 

App<ying the checklist examples 
Shopping for a computer, what's avail- 
apie 

Dealing with change upwarG expansion 
. of your systeni 

Group 5 ' 's/ng Personal Computers 

Sorr^e short D>ograms to try 
Learning with the computer 
Conputer graphics and games 
Data bases m computing, the computer 

dating example 
Home finance programs 

Group 6 Microcomputer Business Sys- 
tems 

Cap a computer realty help a small busi- 
'^ess'^ Tr>e pros and cons examples of 
business programs 



The hardware requirements of business 
systems 

Software requirements, computer files, 
disk extended BASIC 

Using off-the-shelf application software 

The argument for customized software, 
hiring a programmer, documentation 
and maintenance 

Guaranteeing success, the virtues of pa- 
tience, redundancy, and pessimism 

Group 7 Planning for the Future 
What changes are possible Probable'^ 
Hardware updates, when to start over 
The future of software, phasing in 
change 

Keeping informed, sources and strat- 
egies 



These topics have been grouped in a 
logical" order which is not necessanly 
the best one for teaching a class For ex- 
ample, most students prefer learning how 
to program in BASIC right away and find- 
ing out how computer hardware actually 
works later on There has also been a 
grovt'ng interest in learning to use all the 
features of extended BASIC Most people 
(including some mputer professionals) 
have no idea of how powerful the next 
extended BASIC interpreterc are They 
are particularly flabergasted at the many 
elegant things possible with the extended 
BASIC on the classroom demonstration 
computer we use (a TRS-80 with Micro- 
soft Level II BASIC) Students have been 
unanimous in agreement that this ex- 
tended BASIC IS not only more powerful 
in Its features, but far easier to "ma- 
nipulate" than the BASIC on a large 
ttrne-shared computer they also use The 
lesson about the importance of good soft- 
Ware gleaned from this expenence is no- 



table, especially in a field where the 
glamour of hardware can be so enticing 
The application interests of students 
have also been sampled at the beginning 
of each workshop order to guide our 
curriculum development These interests 
vary, of course, but two areas that seem 
to top the list are structured games with 
graphics and structured business ap- 
plications To respond to these interests, 
we're developing some new materials in 
both areas One (the BABYQ structured 
"quest" game) is turning out to be an ex- 
cellent way to transition from elementary 
to advanced programming in a very short 
time. It's fun, but it also includes experi- 
ence with such mathematical ideas as 
probability, coordinate geometry, Eu- 
clidean distance, and the use of data 
structures 

Other interesting structured programs 
(and the areas they promote learning in) 
which we've used are SALESLIP (busi- 
ness math), AIRPLANE (use of matnx 
transformations to rotate or translate pic- 
tures on the screen), GAUSS (solving big 
linear systems just like the pros), AR- 
ROW (trajectory motion based on New- 
ton's Laws), MATHPLOT (painting pretty 
pictures on the screen that are derived 
from classical math functions), and a vari- 
ety of smaller word, puzzle, and "story" 
games to exercise the use of vocabulary 

There's little doubt in our minds that 
putting a computer to work in the home as 
a "solo learning" tool is one of the most 
exciting educational ideas to come along 
in years Helping parents learn how to 
exploit this idea is something every edu- 
cational institution ought to consider 



Children and Home Computers: 

Some Observations on the First Generation 



BERNARD BANET 
CMractor of Planning and 
Pavalopmant 

H9gh/Scopa Educational Raaaarch 

Foundation 

YkMliantl, Michigan 



As a developmental psychologist, father 
of an 8-year-old, and curriculum devel- 
oper, I would like to offer the following 
thoughts on the present and future of in- 
teractive electronic learning systems in 
the home for preschoolers and children in 
the elementary grades. In the past two 
years I have had the opportunity to par- 
ticipate in the development or informal 
evaluation of a vaiety of home educa- 
tional applications of devices ranging 
from calcuifator-like game/drill units to 
personal microcomputer and education- 
ally oriented time sharing systems. In out- 
line foim, here are some conclusions I 
tentatively propose 

1 The capacity of interactive electronic 
systems to be useful in home leaming 
for young children is currently best 
seen in instructional games and simu- 
lations. 

2. Drill-and-practlce applications, stnp- 
ped of gamelike elements, do not sur- 
vive for k)ng in the home environment 
without parental insistence. It doesn't 
take more than a bit of ingenuity, how- 
ever, 10 add gamelike elements to 
even the dullest drill. 

3. The widely advertised potential of mi- 
crocomputers to stimulate interest in 
computer literacy, programming, and 
hence in the wider world of math, sci- 
ence, and technok)gy is also real, 
even for young children, however, it is 
even more dependent on human sup- 
port (from parents, siblings, friends, 
teachers) than the games and practice 
applications. 

4. Creative activities in art anu music on 
home computers are still aesthetically 
crude but suggest exciting new mc "^es 
of personal expressk)n. 



5 Computer-based activities, whether 
games or programming, can be an oc- 
casion for very positive parent-child 
and child-child interaction Computer 
activities are not unique in this re- 
spect, of course, but can be seen as 
parallel to reading together, playing 
board games, going on family jutings, 
working on home maintenance, cook- 
ing, gardening cooperatively, etc. 

6. For young children, computer-based 
activities of the first generation may be 
as important as a source of motivation 
to learn new concepts and skills as 
they are as direct sources of learning 

7. The recreational potential of'tnicro- 
processor-based devices can com- 
pete with, as well as support, use of 
these devices tor learning and prob- 
lem-solving. A situation parallel to the 
"personal" use of books and television 
exists in this respect 

8. The usefulness of computer-based 
home learning systems will increase if 
and when the following occur: 

a Effective applications software is 
developed and distributed: 
a Software is sold in retail stores so 
that the consumer can sample on 
the spot and buy off the shelf, 
a Leaming software (or "course- 
ware") is designed in intercon- 
nected sets as well as in discrete 
games and activities, 
a Programs are designed to adapt 
(unde*' M«5er control and/or pro- 
gran^ I) to the user's degree 
of St... istery and familiarity 
with a paniculer program, 
a Leaming software interfac<*c» with 
audiovisual media, print, and hu- 



man resources rather than trying 
to emulate these when it cannot 
effectively do so 

b Hardware/Software configurations 
are friendlier to the user as: 

a Cassettes are replaced by mass 
storage media that permit rapid 
random access to a program li- 
brary or data base and permit file- 
updating and record keeping in a 
reasonable manner. 

a Software becomes nrK)re com- 
patible or transportable across 
systems. 

a Random-access audio output for 
voice messages is feasible and 
affordable. This is important for 
children who do not yet read with 
ease. It is hoped that the quality 
of human speech can be pre- 
served in such systems better 
than with today's voice syn- 
thesizers. Digital encoding of real 
speech (as on a vld^isc or 
Speak & Spell chip) may be the 
answer 

a Such "extras" as lower case char- 
acter generators, user oriented 
graphics languages, text editors, 
pnnters, and communications in- 
terfaces become commonplace 
on home systems 
c. Software is documented, cata- 
logued, and critically reviewed. 

There Is obviously yet much to be done to 
make personal computing into the power- 
ful educational toot it can be for learners 
of all ages. 
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An Apple a Day 
Keeps a Kid Occupied 



The Sines of the father are visited on the sx^n. 




Ron Buszta 

Oakwood Dr 

New Fairfield CT 06810 



Never did I thmk, when I 
bought my Apple ii, that i 
would have to fight with my AV2 
year-oid son for its use But 
that's exactly w>iat has hap- 
pene<1 My son, Jeffrey, who is 
still in nursery school, has been 
inseparable from that machine 
Since I bought it last summer 

He doesn't read yet, but he 
does recognize some words, 
such as Jeff, Mom and Dad I 
wrote his name on a diskette 
containing some graphics 
games so he could identify it 



when he wanted to play some of 
those Apple programs. After the 
first couple of times he played 
Dragon Maze and Breakout, he 
wafTied to push the diskette into 
the drive by himself 

He nert wanted to start up the 
Apple from scratch without any 
assistance from me or from my 
Wife (he's a rather independent 
youngster') I oxpiained that It 
wasn't an easy procedure— 
you had to turn on the monitor, 
press the CTRL key down and at 
the same time press the letter B, 
repeat the pressing of CTRL and 
B until the prompt (>) character 
appeared and, finally, type PR#7 
to tell the operating system that 
the disk was in slot number 7. 

1 was thoroughly convinced 



that t had confused the Inner 
workings of his little brain and 
that he would lose interest and 
go back to watching Woody 
Woodpecker cartoons. As I sat 
down to have myself a good 
game of' Breakout, I heard him 
say, "Could you show me that 
again, Paddy?" 

He thought he could remem- 
ber that whole sequence of 
events and turn on the Apple 
himself* Realizing he is a very 
determined little boy, 1 didn't 
argue, but 1 proceeded to tell 
him again how to communicate 
with the Apple After two or 
three more explanations, Jef- 
frey had It all but mastered— 
turn on the Apple, turn cn the 
monitor, press CTRL-B twice 
and type PR#7 A broad smile 
crossed his face when he heard 
the pleasing whirr of the disk 
drive. 

"Now what, Dadoy'?" he 
asked I told him that he 
couldn't do much more since 
he couldn't read, but that 1 
would load and run whatever 
programs he wanted to piay. 
Well, after 1 did that for a while, 
naturally he wanted to run the 
programs "R-U-N" I would say 
to him to get a program to run 

It uidn't take long until he 
remembered how to spell RUN 
or that CTRL-C would stop a 
program and that the backward 



arrow would erase a letter that 
was pressed by mistake. 

After a couple of weeks, Jef- 
frey was typing CATALOG for a 
list of all the programs on disk 
(more for the |oy of hearing the 
disk drive run and seeing the 
pretty red light flash on than for 
al* the info going to the screen) 
and LIST so he could make all 
those letters go up the screen. 
He learned that while olaying 
Dragon Maze, typing R, L, U and 
D would move the little squig- 
gly character to the right, to the 
left, up or down in an effort to 
elude the dragon and gain ac- 
cess to the doorway he guard- 
ed Just remembering what 
those letters represented, I 
think, was a great accomplish- 
ment and well worth the price 
of the Apple 

But the learning process for 
Jeffrey and me did not stop 
there White 1 was learning 
BASIC from listing programs 
and from reading the Apple 
documentation, Jeffrey was 
learning to recognize RIGHT, 
LEFT, DOWN, LIST, RUN and 
CATALOG. 

Jeffrey has }ust turned five 
years old, and 1 expect any time 
now that he'll be teaching me 
about the SIN and COSINE 
functions or how to write a pro- 
gram to produce the Fibonacci 
sequence. ■ 
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Programs in Action 



Material for this section was chosen to reflect the variety of progranns operating in schools today. Children 
and youth of all ages are making connputer connections in programs that range from total computer 
availability in the regular classroom to Saturday enrichment programs. Each of the programs described 
IS different and each can serve as a model. There are possibilities here for every level of commitment from 
districtwide, to single classroom, and from mainstream settings to specialized programs 

In Microccmputers for Gifted M/crofofs, Ann Doorly describes a mathematics enrichment program for 
gifted children in grades one through four. Because only one computer is available, 't is set up as part 
of an "interest center." Children learn how to key in programs in BASIC and how to solve programming 
problems. According to Doorly, "these learners not only possess the ability to apply the necessary logical 
thinking and mathematic skills to operate the computer but also understand the mechanics of what is 
taking place." 

Sally Greenwood Larsen works with gifted and talented third and fourth grade students She teaches 
BASIC programming as part of their mathematics class. Kids and Computers The Future Is Today 
describes the step-by-step procedures Larsen uses to introduce the computer to her students Larsen, 
like Doorly, has only one computer in her classroom She finds that by scheduling children in pairs, 
everyone can have at least one practice period a week. 

Micros "GOTO" School by Dpnald T Piele is a report of a pilot project in which an Apple II micro- 
computer was placed in a sixth grade classroom for 8 weeks for the purpose of developing logical thinking 
skills The article includes sample practice exercises in drawing color graphic designs. 

The Hampton City Schools Computer Program, under the direction of Nedra Harkavy. has been 
p.oviding computer experiences to its children at a district wide level for several years Among the many 
uses, computers help students create poetry and solve simulated real-life problems 

The Paducah Tiighman High School "Chemics" Program by Steve Johnston provides a candid 
discussion of how a high school restructured its courses in chemistry, physics, and computer science to 
provide a comprehensive program for its advanced students. This article provides some practical insights 
into how a school can combine several courses to provide more challenging programs for gifted students 

Computing at a New Public High School for Gifted Students by Steve Davis and Phyllis S Froth- 
ingham provides a detailed description of how computers are being used at the North Carolina School 
of Scitiice and Mathematics, a special public high school for 1 1th and 12th grade gifted and talented 
students. The school provides experiences with a variety of computers which are integrated into the total 
school program 

If It IS not possible to develop computer capabilities at the public school level, there are other alterna- 
tives. The next two articles describe Saturday enrichment programs. Computers . . Are All Dinosaurs 
Dead'> by Douglas Glover describes a program for youngsters from 8 to 18 years old at the University 
of South Alabama. He describes the program and then gives some advice about getting computer 
programs started. 

Another Saturday program for gifted and talented children is operated at the Talcott Mountain Science 
Center in Avon, Connecticut. The article by Daniel Barstow descnbes how students work on independent 
projects including satellite tracking, meteorology, geology, and chronooiology Students often begin by 
using existing software and then advance to writing their own programs. At the Talcott Mountain Science 
Center computers .'lave been an integral part of the program for ten years, they are an essential tool for 
exploration. 

The final article in this section, Computeronics. A Course m Computer Literacy by Pristen Bird, 
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describes a program developed by the Gifted Child Project in Tallahassee, Florida This program has 
been selected as an exemplary program by the Joint Dissemination Review Panel of the National 
Diffusion Network Division, US. Department of Education and is listed in the 1981-1982 National 
Diffusion Network catalog. Computeronics is a 35 to 40 hour course in computer programming, problem 
solving, and literacy The course is divided into two modules: Problem Solving with Computers and 
Computers m Society. The project also provides inservice training 



Microcomputers 
For Gifted Microtots 




by Ann Doorly 



COMPUTER USAGE PRO 
\ndes excellent horizontal 
enrichment for primary 
children who are gifted in mathenrwtics 
It presents them with the opportunity to 
apply the higher lev/el cognitive skills 
wJhich they are able to grasp so readily. 
As computers continue to dominate 
our society, computer literacy, is 
becoming the fourth "R" in education. If 
toddy's students are to be tomorrow s 
creative producers, it is our 
^responsibility as educators to provide 



them wnth the necessary time, space, 
and resources to assist them in the 
development ot their individual talents 
and abilities. 

Issues which should be addressed in 
computer science programs for gifted 
students are: Why is it a differentiated 
ennchment experience for primary 
gifted students? Which children qualify 
for participation in such prograrrts? 
What types of programs can be 
developed to teach computer 
programming to gifted students in 
grades one through four? 
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Why should gifted primary 
children be involved in computer 
programming? Ifu/si' c hiklit^n luivt' 
the abiiitv to think abstract^ and tc 
util'ze the mental processes asscKiated 
w!th higher levels ot lean^mg Tlu.' 

t )Mipi;^*'' is a blank slatt* which 
reqjireb vc»v, s[H'<. *^ itM^iL.n 
iristfLiL hons or^^ani/ed intu a pioqr.un 
in Older to fuiK lion Gitteii cliiidren <mv 
iibie to bee this proc e^^^ ab a tnir to? iruj of 
tne hunvm iTund and lo employ the 
nect'ssarv, logical sequent mq. uitu_d; 
thifiK'Hv^ and niarSei^iaiii ai e oik ei>tb {( > 
debi^ti the solutions Id le.ii piobienis A 
tremendous .imouni nl t.jsk 
commitment spt^tessai^ to per se^.eo-' 
and overctjme the tedious i.jsk i>\ 
it.irn'ii'j lo p»<n^iap\ Manv a*.etat]e 
sfuierits !( )st .'-"tett .it ill's point I he 
e.etPt'ntarv ^ ath i..r!Kuluni bei^^mes 
riH>re n)*Mn!f i^t iii as students a{)p!v ttie 
coiKepts to ,j[ t'xcinnq rele\.an! task 
'Ru' ^ersa' .itv ol tfie 'iTiputer allows 
e<i< 51 ir^d-'.idual student ;(» us< ilu' tooi 
!t t Mu^'sue his I >r fu'r ukIu iduai v iterests 
S"' Uiotiof i:>r' K^raiv,^ ( haiieri'^*^ thr 
K :v (_\ t^K, a ;< ^wnq h m ( >! iht n > 

X r>t' r it f u e * r <t dei i s lo! 1 II f\ ) no 
: , ' ( M t' s •> ,1 ' , d ' ' » ' ( ( 1 ' r es I ji Muh Tu^ 

I •! S*' ;v ]\ 't '.M' [ V nf^it'!"' I 

siM.r't^r^s The ^'tihaf^'ts n\ ttu' 
(■"'•uft': w^ovdt t:u' si ,t n! '! t ail , 

. ^a-.r';'^*^ " e »'\ Uk a < m u , ^S"' r 
' ' ;i ! t ,^ ,a I >f .e ' < ; 'L f 

't" J\'' t'^.l Oi:r" ^ 

• 't ' u ' . ^ <u t' 1 1» V t'ssii» , '■ t ' *. I ?r c 

One specific sc hool-uide qoal 
should be to prevent "(omputer 
phobia", from v^hich too manv 
adults noi\ suffer p it , vp » 

\Wi ,p ' 't st-'^ rj.»f w ^. ^ ' ,s., w ! '( ■ l! f I, V 

.J 'ft't' < f ff"* putt''' *'Mi«jra" f t.u^ t ' 

- • ' t\ fii * . V, 'f . ' ,st ' 

. [l.,S'T^ P.P r "i.pM >P ,fi . 

♦ pM'tl 'hrp *' ' .1 !/r M ' I'^^pt .'«'fl 
*, o V t T s'. A' .u'd iur. r 

P r 'A« .T r - -ad t IV ^^»'r 

. ^ ,pt>»^ •A'>^»^ A'*^ rue ( UP ■; lUli" 
< / ' >r,. , tr,^ ', it * Pr* >rp'- ' ' ' 

p - ,f, r> p[ t |pt Anr ^ ' ^.lO- t 

»' ^« ,p-; ( . ' f< n r» < ♦ s^ I ♦ ;h'» I" i ♦'(! 
■ < u* \)iiU" -iPf if A h» "1 I a< < r[ 't* d • '11. 

priTi' r ■( ' >' as \ a< f h't f ^'»' 
/ d '>rf"^r.p pid Aa-> ^'o'n .» K.if i - ' 

S-p. . rH^HO- ; r." ^» r. 

, ; ' f a» , p .r • ^ hr^r p t 
pfi M^ra"' ^ l.jpt'i, a!^d I' ♦ f]ds v.f.o 

A'»rKt'd A t^ • ( pufP'^ pssuTcd 

'^•at prnqraPVMp.j v^.as \ms>^ ' Mav.ip<| 
o»^'ri a * rs» ule ( ipssrt lori) tpa< her !< )^ 
^♦•".r A ar - *>a< K^rnipul ;n( iuded pm 
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exposure to con^pufets Mv hesittitton 
tx'r sisted until a student's parent who is 
a computer consultant offered to do ti 
senes ot iessons with the children As 
.-»he e\pl<)ined the [)ro<jrammimj 
process, 1 reali/^ed it w<ib as simple as 
e V e r o n e had j-) r o m i s e d M v 
I ntluisicisip qiew as 1 dist<AiPed 
matpiials. av tivities. and resources with 
whicii u > expand the unit 

From a total district population 
of five hundred and seventv-5>ix 
children in grades K-4. almost 
twenty percent of the students have 
participated in eight week 
computer programming units Six 
par tit ipated (mrn <^rade one. twi'i^t^, 

} Irorp ^rtidi' iv^u iwentv ^oui tnnp 
Israeli' ihrei' <ind tift^, seven ttorp qrade 
tour \A'e hav e eniK pur^ h.ised 
qrani nione^ THS 8()s for I'ac fi <>t tht^ 
eN'mentarv st hools and two add'ti' <np: 
I Pit roM >ni[Hitei s \i )r flu' m.dciii' sc [k h )\ 

I f)ian \<' onciut t pisi-i ^ n i' 
wt >r k shops tor 'he slatts ii > teac h w fi( 

t itlbS IPtrociut tor^ !ps^( tns ppd !f > 

rp( ouititjp tlie t fiiido'p who ha\ e 
Varnrd [>p x^rammipij In hei[' < 'th^'i 
1 n;i(hi 1 1 . ■ " " '> is ,k .p.. k m 
; 'r t "J'.tPis I fi's \Kv\ enPMt .aU at;^ 
( ( i"if 1' ilpT pfK i^Mp I ir> sin- ] .jr f f '! s(,ift 
r)( i spjf it>p's pp(i rp it MP! pp»' r'M MP t' in ) 
■ 's<i<t hv, Map' --PI 'p!rp n't ita- apd 
■I t i v'di uPP'tN i pi < "iPPns It ( 1 .1 .p 
A'i!< kIp t'prpr(]ia!r P' . < ■ ' ' 

it-ann T « as a* ;i a- 
< ! 'r M ' ,u !! ,t's t( p r . ' 
^ *!>'fi -tiidrrps It pr< >\ <)* - '' » • 

< ' 'lilt ^ Pf' ' A ( H'^Pp us* ' 

' .( U r t - H; Ji 'pp <iii I p( » ssps . pM : !' I ♦ 
' tt ' ( id^- I his ' .f !U' i ! 1^ 'UM" ! ' aPi- 

, i . 5 ' t ■ P t < ■ !T p, u 1 1! t ; ( )f < PO 1 P I .P i 

I'll ' • - ! p( U ' , ! - Lipid ■ ' It I T (♦'()[ I ' i' 
1 1 - n »' It : s^st'}' pprn ! s I * 'SI p .11 ' 
' ■ 'pppp'p* r ^ rap'-!*' tr ( jp^ » '< 

' aPi ' M'.p i • )♦ I hrPi <p P A J ih' > ' " P 

• '» p p' ' >pr .}f p-- I * u'sp pr * ><^t pp IS w'l 

, , ,f • 'Pilrd i> 'P ■ W>( M '*p !>t p vi, j hi ! i^r. i 
1 ' M • ■ P > pr ' 'ppp . E nu' 
I ( i; >, 'P'f 1 ' n* . « i f p,( 'p, p? i .<p ,s 

t '4 SU P'^ ' P '< j ! ( > ( ( )P pp t »p 

- , 1 ,,)/ir u's N T p' ,v>s'* ; .i i!>'n , Pi< ii • 
Mt 'S* 'i.p'i?pp.' ;p* t h;!do'ri ^ I'i in* 
T i , i p ' ' I J v,( , M tn p , .o r (1 

; !? ' Hiiaippi;; tp at 'In 'ph IdU s( h< » >! 
O rM' Imm I pvr 1 K 1 KS MOs ,PP 
P' oh »' Hid *h» h '/M M> H .1 (AllK h,p^ 

:»p "iipp^- pi< if'iM'd ..p I' ' i^r I 'ip' jpsiP, 

• ( ^lr,ne \]< p: IHM SpsP'tp -{yh Sip( r 
•pp ^ tMldiPP ,u* read^. (nr spi h 
'ir.'Mit tKtp advap<rrj p^pospfp uijl 
t 'ujhv thrt!' If > iH'<^in ffii'if < rea(j\ 
pf ( .(iu( t" r t *prpr - ,it ,p, * a» lu'r .'pr 
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Students involved in the 
computer unit are first through 
fourth graders who have been 
recommended by a classroom 
teacher or parent or who have 
demonstrated high mathematical 
aptitude and computational skills 
on the Stanford Achievement Test. 
Children who do not have the 
!U't essar v ai>tliiv and task u >mmitment 
U' u lily lose interest and ask to "drop 
out" Ci^idren tire (grouped ac(^ording 
U) p.uide level and the "pull out" 
ennc hment yr ouj)s allow the children to 
inttpact with peels trnrn other classes 
witli similar strenpths anci interests 
Siru e tlu're is onk mi,p computer 
terminal and up U' i'u^ht children 
wuik'fiq u'th ,! ai » )np timtp miicfi 
M)<)[Hpafive ti^^m wwk is recjuired on 
the })ar t ot \\w ( hildp'n I'o allow more 
hme tor inciependrnl protjrammmq 
^H'^. »ik] c Itiss time the c hildren work m 
pap s Iliib rnaki's it a s( x uil ac ti^ it v and 
pro^idi's pojclKp 111 workirii^ with 
otiieis Tliev an* , plile to dp.eiqe at 
I'^'s poipi !r(»rp 'hr qroup and applv 
IP»' r MP »ppirnpi!pt^ sKiiis to then own 
sj )ri ,Ih ;p1i'' i '•-.[ . p » a^> 

I p»' .plJ M>P* pdlK i'd hv, sh( )WIP^ 

Pu'p'pstril C I'.'^'f^ / 'onj Pp/)/j/(>s 

:<) /^(jpMjMjs iNr'A N'ork C^. J »n» i> 
AssiKMh's ]M7»» whi( h pari<ilPs tfie 
'"^!(>»' de^rioppip'p prs j)<irts <ind 
',s»-. f .f iMpippiips VVc thm I ( >pnt 
! ' p 1 ■.!ali' ,id(l atid -ul^' rai i I tp st and 
. < Mid '^r.idrrsi .jpd puilppk <ind 
. " ■<)»■ ( ih'rd ,ipd !< >ptth ppider si pi ifip 
' !' 1 1! iMihi'i s'.- trpi <ilwa^, s sppp]s 
•a" < m .p ';it< I 1 ( ' M tf^'st t( 1 see vc > I an 
■ ia f Mu' hiplu'st <Pid Im dp|p tile 
■ 1- 111! lOpNHH) tp h»isi' tui » or 

' I H IP IP t, m' 1 iii' t [^;!dr»'n t niov 

fPr I na!i»MH^»' pi'iv'drd iri thmklPq m 
P ! iip -p. " fii Pi eU'( t T u ai 
. 'P ^ ^ ! h( ! I ti' M psscd and 
m^.pk Histpp ' M : ct I'P \\M < in and « >ti 
' Pi's ( ,p the I faiiP,- and tPr i iiinihi'! s r »r 
-1. f !ip{ t hp'; r ♦'PI I St pt 

A" iptt t ps! I * I 's srf pp vc h.c 

, I If Pipis t h» I < pppi i s.ipipip 
1 p P i 111! put dp\ 't apd iPrdui 

(' fir sf » iipd arid third 

.,y],i r )p< "p i r( 'i'f P, ( < JlPpPtPl t.isk 

, .^pjs I i mIpm*' •'-^'T ^ ' ' Hiiputer 
f. I u'^ par r^ i.-rs flow ( fiar *'p'^ and 

( K phnLir ' ' " >k - inaqa/Hies 
,i !(]'( )v tsp.j -'^P. ' ais A t^,pewiiU'r and 
t , pip(^ map ao- av .iilahie (< ir 
. h"(iMM • I' . . it l^^pmp skiiis 

Now th'» actual programming m 
BASK language begins I hr 

I hM( ip'p at t ( 'I 'rp SI p I )r isrd !m dis( r k ri 
If at tht < < iPij ipf»'! 1^ a( tu<iliw a 
diPi.Pi'. and s ' >Pi' ( apahir i )f d< mn^ 



t'xattis whjt iKv pro^rtini it to do VJe 
bt*qin u'llh sini[)le tiritrunetic pruhUnns 
tn dtMTU)ri St r tUo »ili^i'fMciu 
t'Ljuatiotis {yc)()d old neiK nvith iiuiiibt'i 
bt'Dttnces') ciiid varuibieb are u^ed to 
repreben^ nunibfts We develop a flow 
c htH! tnr eat fnoqrani to or(jani/^e the 
cumniafidb into a loyital segueru" 
Ea*.h btep in tlie flow t hart torrespor^ds 
to a statement m the BASIC langiiaqe 
The btatements are assigned numericai 
addressee a-ui keved into the 
connpuier. wth the children taking 
tumb typing in the ^ttitements At this 
p(>ir^i exiMt'r],efM :^ a' its but 
more task < >i!untttt>'ni lequ'red tvi 
debag tru^ ['ro'jKjrn' The BASIC 
trouble ^h< >otini^ -Mie^ whcJt and 
"ht ru'iffffu ' rv.drrM IOC ate ei ror^ to 
torret^ tfien, [ 'nan^, tfie fvotjfiwn is 

Toti arui tMi ' ' 't VUM fiiidren IS en 
MPp' )ru.r ♦ . J if . 't mderx'ndentiv 

riu/', ^Men ♦ •< sre ditlerenf 

.iheriiaf'vi' i a;'a!> 't'e^ <5!.d h»^'^iii to 
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Pretest.-) «jK'en at thr [beginning ot 
fourth grade to btudi*nt-> who had 
com[')ieted the unit ab third graders 
sfiowed that retention ib [Myot ex('e[')t m 
cases where children had continuous 
access to a computer on which U> use 
their pro<jramminc; skilib Since a 
c ( )mprehensKe re^ lew is necessary, we 
af)plv, the arithmeiK operations to 
^iHiou^ rniith and science problems 
For exiim[)ie a basic imiltiplication 
[)rograf7"i ( lU', be modified to a 'rate 
tinu's fifne eqUtiU distance" fuc^biem 
.i'kI thu^ lo determine the speed at 
^^'iM \ i^aeii [>oint a given latitude 
!iu .Mi!h is roitiiinq riiis provides 
r»"v t 'A -iTui !fie afipiuation to real 
MM >i),rni^ "ui ti;>Mis a lii^h interest 

I host' ( M;!cl»eii ^hn litue the 
wiiii'^iK'ss u> loiiMMue now become 
ipcnivt'd HI indepeiident 'ncesligalions 
^\ise(i on tlie'i [larlHUku interests 
At iiwiies ^.ciil i^o m cis manv different 
clife< tions cis tfiere are turned on 
e \v lied c hildren ( )ni' c biid may wisfi tc^ 
desii^n and build a cfMnf)uttM while 
another ituic eiec I t( > w r ite a pr oqram 
lor a new game At tfiis point the 
feac her assumes tP,o roie nt t^ianager" 
The c hild wiil Ui'rd <i^s!stan( e m 
ft n using [lis or 'nt'f u Me: est ini* ) 
s< af^ie pruliic < 'f sf n\ ifu pmiet t 
Hu !^^u he? ( .iii t b»' tin e\[)er i ma!] 

cUtMS s( ) MUsI (H lie Otfier K'SfJUKes 

'1 , .1 1 e I i ' s .1 M f 1 II ,e I h oc] ( >| { )(^ ^ ,1 1 

h.nujues !( J .jssjsf tfu' ( hiid m 
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Ihe comnninitv students, p.irents, 
leaching staffs univeisitv personnel, 
tind loia! ( lul^s and oig. initiations are 
excellent soun es tor willing hum<in 
resources UsualK when a i)er.s()n has 
c^xpertise 'n a <^iven cuecj, he is 
entiristasitc ali'v. w'ilin'^ to share it' 
i(K.i! stall', and college librciries. 
(oipoiations gowrnment agencies, 
and uniceistiies ^ an provide an 
alMindaru e ot additional materials and 
mtormation F-inaii''. up-n i omtJletion. 
the ( hild's product should be shared 
Hilfi an af)f)rec u\\\\ ' audienc e 

in c onciusjof. I wish to again stress 
the a[)[)rofnuUeness of computer 
science fcji thc^se v<^urig mathenui 
iicians anci scientists These leorners 
not onk possess the ability to apply the 
necess<i'\, iogi( al tfnnking and 
nicJtfuMnat'c skills t(* oi)erate t[ie 
t omputei hut also understand the 
mechanic s-of what is taking i^Iace Tfie 
applic.Mions ot tiie once isolated K4 
matl^ concepts to a relevant endeavor 
add neve c hallernie and excitement to 
Ifieii elemen.tarv, school ex[)eriencc> 
riiev also gam a liead start m piep.iring 
tor ihew laieers manv of which <\re 
suie to inc < HC e ( < nniuiter s 

Ms Doorlv rrt<^nf/i ( ( >niplctrJ u or k 

Ji'iH hit]<i thr f (j/enfeci /'M)gfuni cit fhe 
U!)ll i't .it\, n\ C(ir]!]{'i Ik lit She 
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Kids and Computers: 
The Future Is Today 



Sally Greenwood Larson 



Computer dealers in Racine, Wis- 
consin aren't surprised any more 
when an eight year old In overalls, a 
striped T-shirt, and bumper tennis 
shoes strolls into the store, sits down 
at the keyboard of a TRS-80, and 
writes a computer program for the 
drive-up window of a McDonald's 
restaurant. Or a program to print out 
all the even numbers from 1 to 100, In 
four columns, with a half second 
delay in between. Or a graphics 
program for a birthday cake, complete 
with blinking candles. 

These third and fourth graders are 
students at the Jefferson Lighthouse 
School, a program for gifted and 
talented children, where I teach 
BASIC programming as part of their 
mathematics classes. With an aver- 
age of 45 minutes a week of group 
instruction over the past year, stu- 
dents in these classes have mastered 
the concepts covered In Introductory 
college courses in programming, and 
have become adept in the use of the 
school's microcomputer. In an area 
where a strong math background has 
been a customary prerequisite. It is 
amazing to realize that most of these 
children are just learning to muuiply 
and divide! 

Our microcomputer Is In use from 
the minute school opens In the morn- 
ing until the last child leaves in the 
afternoon, and the only games they 
play on the machine are those thoy 
have written themselves. It's exciting 
to watch, end even more fun to teach. 
For a society which will be computer- 
ized beyond our Imagination by the 
time these children are adults, it is 
sad to see the majority of elementary 
schools using their affordable, port- 
able microcomputers only for com- 
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puter-asststed drillwork, or playing 
guessing games. Children can easily 
learn to write their own programs. 
However, the elementary teacher who 
wants to teach programming to kids 
faces the problem of finding materials 
which take into account their concep- 
tual development and reading levels. 
Finding relevant examples Is also not 
an easy task. Physics problems and 
checkbook balancing simply will not 
do. 

I dealt with this problem by writing 
my own materials, building the 
lessons on the following framework: 

1. What Is a computer? 

A perspective on why com- 
puters came to be, what they 
are used for, and what kinds of 
jobs they are and are not 
capable of doing. 

2. How does a computer carry out 
your Instructions to get a job 
done? 

An explanation of simple linear 
logic, using flowcharts. 

3. How do you communicate your 
Instructions to the computer? 
The BASIC language. 

4. How do you put together a pro- 
gram which is both efficient 
and creative? 

5 What uses do we make of com- 
puters? What new uses can we 
Invent or forecast? 

Children have funny notions about 
machines In general, and especially 



computers. They need a mental 
picture of what goes on inside a 
computer, and its purpose, 

WhatlsaCcmputer? 

When a caveman had work to do, 
he had no tools or machines to help 
him. He had to do It all by himself. 

Man has since Invented many 
toolsto help him with his work. 

Instead of pounding with his 
hands, he now uses a hammer. The 
hammer lets him pound harder and 
longer than he could with his hands 
alone. 

Man invented the telescope so 
that he could see farther Into space, 
He can now see stars he did not know 
existed before he had the telescope to 
help his eyes. 

Using his brain, man can remem- 
ber Information and solve problems, 

Man wanted to Invent a tool so 
that he could extend the use of his 
brain, so he invented the COM- 
PUTER, 

Just as a hammer can't do work 
without a person to hold It, a com- 
puter cannot do work without a 
oersontorun It, and tell It what to do. 
This person Is called a PROGRAM- 
MER. 

Even the best hammer cannot do 
all the different things our hands can 
do. 

And even the best computer 
cannot do everying our brains can do. 
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A computer cannot feel emotion. 
It cannot feel happy or sad, as we can. 

A computer can't combine ideas 
like our brain can. It can't put two 
ideas together and take the best parts 
of each one to make a brand new Idea. 

BUT. . .a computer can do some of 
the simpler Jobs our brains can do. 
And it can do some of them even 
faster t han ou r brai n s can ! 

A computer can remember many 
more things than most of us can with 
just our brain, especially things like 
long lists of names or numbers. 
Information stored In a computer Is 
called DATA. 

A computer can compare data, to 
see If one thing is bigger than 
another, or smaller, or the same. It 
can also put things in order. 

Acomputy can sort lots of pieces 
of information and put together the 
things that are alike. 

And a computer can recall the 
information a computer programmer 
wants, and print It out for him on a 
video screen or a sheet of paper. * 

Once the children have an over- 
view of the function of a computer, 
they need to see graphically how a 
computer program breaks down a 
task into small steps, and progresses 
In linear fashion from one step to 
another. Simple flowcharts, showing 
an activity with which the children are 
familiar, produce an easy to digest 
and sometimes hilarious picture : 



tlon of the program, such as CLS. 
BREAK, NEW, LIST, RUN and END. 
the children can do a surprising 
amount of experimentation with the 
simple PRINT statement and Its vari- 
ations. 

PRINT **My name is Jenry DeMalo. I 

love computers." 
PRINT "RIGHT" 
PRINT "LEFT" 
PRINT 
PRINT "8-4" 
PRINT 8-4 
PRINT "•?&$#%)" 




It is essential to schedule all the 
children on the computer at least 
once a week, so they practice what is 
learned In group Instruction. Pairs of 
children seem to work best, for one 
child alone gets "stuck" too often, 
and three or more argue over who will 
typeon the console. 

Allowing the children, especially 
the youngest groups, to use prepared 
game programs at this point Is a 
serious mistake. It kills their desire to 
put In the effort required to learn 
BASIC since canned programs are so 
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Now, the children are ready to see 
that the way In which we communis 
cate with a computer must be 
standardized, and we need a particu- 
lar language for this purpose, and a 
set of rules for typing In statements 
on the machine. After group Instruc- 
tion in operating the keyboard, and 
^^^lements deeling with the execu- 

ERIC 



much less work. It is Interesting to 
note that when game tapes are made 
available to children who are already 
fluent programmers, they will typi- 
cally play them once, LIST them and 
see If they can pick up any program- 
ming tricKs and then abandon them. 

Worksheets to check the chil- 
dren's progress and provide practice 

3C 



are helpful, especially when machine 
timeperchild Is limited. 



COMPUTER PRACTICE 
30 OCT. 78 

NAME 

SifDulate these computer runs. Show 
your "printout" on the screen. 

10 CLS , 

20 PRINT "BIG" 
30 PRINT 

40 PRINT "YELLOW" 
40 PRINT "BLUE" 

60 END I i 

10 CLS 

20 PRINT 'THE ANSWER'; ^ 

30 PRINT 30*2 | 

40 PRINT 30 + 2 

50 PRINT "30-2" 

60 PRINT "THE END" 

70 END I i 

Here is a program and "printout." 
Find and fix the mistakes In the pro- 
grams so a run will produce what is 
shown on the screen. 

10CLS 

20 PRINT 20 + 6 
30 PRINT 30 + 4 
35 PRINT 
40 PRINT "60-3" 
50 PRINT 10-10 
60 PRINT "HELLO" 
70 END 
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To build the complexity of their 
programs, the children now need to 
learn the concept of a variable, and 
GOTO statements. Trying to teach 
variables to children who have had no 
algebra frightens many teachers un- 
necessarily. The simple picture of a 
series of mailboxes, all labeled with a 
name ora letter, and holding different 
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numlMrs as spaclfisd, works beauti- 



A 




B 




C 


5 




3 




7 



The basic tools of the graphics 
program, SET and RESET, along with 
the other function statements 
covered earlier, enable the children to 
make their own Initials on the screen 



If the "mailboxes" are drawn on 
the chalkboard, a simulation of a 
program can be traced carefully, and 
most children will have no trouble 
understanding how a memory works. 
In this case, they have an advantage 
over the algebra student, in that eight 
year olds see nothing peculiar about 
the statement 

X = X + 1 

With the addition of INPUT and 
RND functions, the student now can 
produce quite a wide range of pro- 
grams. To complete a beginner's 
course In text programs, the more 
difficult IF-THEN and F'^'^-NEXT are 
taught in a very concrete lion. 

The children picture ..lemseives 
as "traveling'* through their own 
program, doing each of the state- 
ments in turn, and Imagining they see 
this sight when they reach IF-THEN : 




(always a big favorite), draw pictures 
of objects, and design a myriad of 
programs, using horizontal and verti- 
cal lines, as well as individual points. 
Numbered graph paper, along 




Mr. IF will only let them pass to THEN 
if they meet his test. Otherwise they 
must proceed down the open branch 
of the path . When deciding on the test 
to go on to THEN, they must figure 
out who Mr. IF wants to go down his 
path, or who he wishes to exclude. 

FOR-NEXT statements are best 
saved until last, and shown as a 
shortcut method for accomplishing a 
more complex list of simpler state- 
ments. 



5X = 1 
10 PRINT X 
15IFX = 4 

THEN GOTO 30 
20X = X + 1 
25 GOT0 10 
30 END 

erJc 



5FORX=1T04 
10PRINTX 
15NEXTX 
20 END 



with much practice on naming coor- 
dinates of a point, contribute to the 
success of these programs. On a 
system with color graphics, cuch as 
the Apple, beginning with graphics 
programs, rather than starting with 
PRINT statements, Is a natural. But 
either approach works well. 

Once the ch lldren are able to write 
a program without consulting their 
notes for statement meanings, and 
are able to conceptualize a program 
from beginning toend without the use 
of written flowcharts, they are ready 
toevaluate their work under the head- 
ings of efficiency and creativity. The 
teacher must stress that there are 
many ways to write the same pro- 
gram, just as there are many ways to 
express the same Idea In English, but 



some of the ways are awkward, or 
have extraneous steps, or could be 
approached better from a different 
view of the problem. As can t>e ima- 
gined, It takes a gredit deal of work 
t>efore an elementary school pro- 
grammer reaches this point, and 
some never will until they become 
older. 

The last portion of the teaching 
framework, looking at new uses for 
computers, can vary from collecting 
information on existing systems and 
research, to inventing new systems of 
their own. This Is a natural place to 
discuss hardware and software, and 
form opinions on whether computers 
can "think." 

Soon after the children are able to 
write their own programs, prepare 
yourself for the following events : 

1 . If you want to use your school's 
computer, you'll need to make a 
reservation a week in advance. 

2. Parents will call you and want to 
know why their child Is suddenly 
speaking a foreign language, with 
words like "do-loop" and"glltch." 

3. SantaClaus will behaving a few 
choice words with you . 

1 have found computer program- 
ming to be an exciting way of 
teaching thinking skills, mathema- 
tics, and problem solving. It Is highly 
motivating for children whose abili- 
ties range from average to very bright, 
who have enough reading and numt>er 
skills tooperate the keyboard. It gives 
young children a view Into their 
future, while at the same time seeing 
the present In a new I Ight. 
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I am anxiously awaiting the day 
when these kids are college fresh- 
men, and they walk Into their 
computer science course with ten 
years of programming already under 
their belts at age eighteen. The impli- 
cations for their futures and ours 
stagger the Imagination. □ 

'from 'Tht Appit Corps An Introduction to 
the Apple II for Children," by Sally Greenwood 
and Dr. Donald Piele. 1978 
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Micros "GOTO" School 



Microcomputers can be used In 
the classroom for: instructional acti- 
vities that we associate with CAI 
^(Computer Assisted Instruction) or 
CM! (Computer Managed Instruc- 
tion); enrichment activities that we 
associate with simulations and 
g^es; making numerical calcula- 
tions for the purpose of solving 
mathematical problems; teaching 
students how to program - primarily 
In the BASIC language; and indivi- 
dual exploration of original problem- 
solving. 

Each lesson consists of a 
simple program with a 
short explanation of the 
new statementSp a sample 
run, and a series of simple 
program changes for the 
student to do. 

This article is focused on the latter 
activity. It is a report of a pilot project 
in which a microcomputer was placed 
in a sixth grade classroom- for 8 \Neeks 
for the purpose of developing logical 
thinl(ing skiWs. The students were 
given instruction on how to program 
the APPLE II microcomputer to draw 
color graphics designs. They were 
then given similar problems to solve 
using the commands they had 
learned. 

An Apple For The Teacher 

In the Spring of 1978, I contacted 
Gordon Kunaschk, a sixth grade 
teacher at Bose Elementary School In 
Kenosha, Wisconsin. He was recep- 
tive to the idea of giving up two hours 
a week of class time for eight weeks to 
let me teach his sixth graders how to 
program a microcomputer. If nothin\.j 
else, It would be a lesson in computer 
literacy. Gordle had never program- 
med a computer before, but he was 

Don University of Wiscontln-Parktide. 
K«noth«,W1 53141. 
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willing to learn along with the kids if I 
was willing to provide a computer and 
the necessary Instruction. 

The Center For The Application of 
Computers at UW-Parkslde sup- 
ported the idea and supplied an 
APPLE II microcomputer for the pro- 
ject. This was a fortunate choice for 
us since the APPLE II system Is easy 
to use: it is portable; It has a good 
keyboard; and most Important of all, 
it has a very simple and natural set of 
graphics commands that allow the 
programmer to create pictures on a TV 
screen using 16 diffeic^nt colors. The 
ideas I wanted to emphasize about 
computer programming would be 
considerably enhanced by a graphics 
display. The basic programming con- 
struct of a loop, for example, could be 
visualized, and every problem to be 
solved by the students could be 
represented by a single picture. 

Getting Started 

My objective for bringing a micro- 
computer into a sixth grade class- 
;oom was to create an environment 
for active probiemotolving. The 
BASIC programming language state- 
ments, enhanced by the graphics of 
the APPLE II microcomputer, form 
the logical building blocks. Each 
lesson consists of a simple proqram 
with a short explanation of the new 
statements, a sample run, and a 
series of simple program changes for 
the student to do. These activities 
allow the student to discover how the 
statements in the program effect its 
outcome. Also, problems are posed 
that require the student to combine 
statements in sequential order to 
solve a problem. As a result of work- 
ing on these questions, the student 
gets a working understanding of 
practical problem-solving skills such 
as: 

^ Understand the problem, its 

givens and goals 
2 M \ke conjectures and probe 

the problem by trial and error 
3. Decide on a set of possible 

methods of attack 



^ Evaluate each possible ap- 
proach for its correctness 
5. Reflect on successful solu- 
tions and generalize 
Each of the following exercises 
was designed to provide practice for 
these skills. They are samples taken 
from a larger collection and are not 
contiguous lessons. 

Lesson #1 

Keywords: GR, COLOR, PLOT 

LIST EXPLANATION 
10 GR The computer is 

20 COLOR = 9 put in GRaphics 
mode. 

20 COLOR = & The COLOR is set 
to orange. There 
are 16 different 
colors to choose 
from. 

30 PLOT 10, 15 The position 10 
over, 15 down from 
the upper left hand 
corner is plotted. 

100END 
RUN 



Programming the micro- 
computer was considered 
by the sixth graders to be 
highly motivating. They 
wouid rather spend their 
recess on it than go out- 
doors. 



Your Turn (RUN the program after 
each change) 

1. Change line 20 to. .20 COLOR =: 3 

2. Change line 30 to ...30 PLOT 5,7 

3. Add line 50 50 PLOT 5,5 

4. Add Iine40 ...... .40COLOR =6 

5. Delete line 40 40 

6. Add a point that connects 5,7 
with5,5 60PI,OT?,? 
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7 Addlme30 30 PLOT 39.39 

8 Addllne40 40 PLOT 40,40 

9 Delete line 40 40 
10 Write a program that will display 

the first letter of your first name 
in graphics 

L«sson #5 

K«y Words: FOR-NEXT 

LIST EXPLANATION 

10 GR Begin a loop with 

20 FOR I = o TO 1 5 I = 0 and increase I 
by one each time 
unti(l = 15 

30 COLOR = I The color changes 
with each pass 
through the loop. 

40 PLOT 1,15 The position to be 
plotted changes 
with each pass 

50 NEXT I End of the loop 

Go back to state- 
ment 20 »f I IS less 
than 15 Otherwise 
gotoline60 

10GEND 
RUN 



Your Turn (RUN the program after 

each change ) 
1 Change line 40 to 40PLOTI,10 
2. Change line 40 to .40PLOT20,I 

3 Change line 20 to 20FOR' = 0 

TO 39 

4 Change line 40 to 40 PLOT 1,1 

5. Add line 45 45 PLOT 39-1,1 

6. Change the program to draw + in 
graphics 

Lesson #10 

Keywords: RND. IF-THEN 

LIST EXPLANATION 



10GR 

20 COLOR = 9 
30X= RND(40) 

40Y = PND(40) 



50 IF Y> 20 THEN 
COLOR = 3 

60 PLOTX.Y 
70 GOTO 20 
100 END 

RUN 



A random number 
IS chosen from the 
numbers 0 to 39 
and put inX 

Another random 
number m chosen 
and placed m Y 

If IS larger than 
20then change the 
colorto blue(3) 

Go to line 20 and 
repeat 



Your Turn (RUN the program after 

each change ) 
1. ChangeSOto .50iFY>10 
THEN COLOR = 3 



2 Change 70to 

3 Change 70 to 

4 Change 50 to 

5 Adfj55 

6 Delete 55 
7. Change 50 
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70 GOTO 30 
70 GOTO 20 
50IFX>20 
THEN COLOR =3 
55IFY>20THEN 
COLOR = 13 
.55 

50IFX + Y>40 
THEN COLOR :r 3 
8 Adjust the program to plot 4 
different colors in the four differ- 
ent corners of the screen 

Tell & Run 

In addition to the lessons, the 
students were given short problems 
to solve. They were asked to predict 
the output of a given program before 
they observed it run on the TV screen 
This gave the students a chance to 
test their ability to reason sequen- 
tially through the statements of a 
program A few examples are given 
below 

#1 #2 

10GR 10GR 
20FORI=0TO10 20 FOR I = 10to20 
30 COLOR =9 30 COLOR ^ I 
40PLOT2,I 40HLIN0,39ATI 
50NEXTI 50NEXTI 
60 END 60 END 

The original purpose for 
doubling up was to provide 
more computer time for the 
class each week. But it 
turned out to be valuable 
for a completely different 
reason - cooperation. 

Other activities reversed the pro- 
cess and presented a picture and 
asked the student to write a program 
that would Droduce the same result 
Here are a few examples * 



Computer As A Creative Tool 

The APPLE II microcomputer was 
left in the classroom during the week 
to give the class time to experiment 
Students signed up in pairs to work 
on the exercises together The origi- 
nal purpose for doubling up v/as to 
provide more computer time for the 
class each week But it turned out to 
be valuable for a completely different 
reason - cooperation The students 
helped each other figure out the effect 
of each new command The program- 
ming exercises facilitated discus- 
sions about the behavior of each new 
statement New discoveries were 
shared with pride and enthusiasm 



The computer was the focus and 
facilitator for cooperative problem- 
solving. 

Student Reactions 

After eight weeks, the students 
were asked to respond to the follow- 
ing questionnaire, using a scale of 1 
to 5 (1-strongly disagree, 5-strongly 
agree), with responses from the 6th 
grade class 14 boys and 10 girls 
recorded 




Reflections 

Only a small sample of the exer- 
cises done by the students are pre- 
sented in this article. An entire col- 
lection of problems was prepared for 
the 6th grade class to be used on the 
APPLE II At the present time, good 
materials are not readily available. 
This presents a formidable obstacle 
to the inexperienced teacher who 
wants to use computers in the class- 
room As more classrooms begin 
using microcomputers and sharing 
their work with others, this problem 
will dimmish. 

Students in this sixth grade class 
were very enthusiastic about working 
with a microcomputer. In contrast, 
students at a nearby high school who 
had not been exposed to computers 
before were generally uninterested in 
learning how to use them. Perhaps by 
this time, the older students have 
otner activities that are more relevant. 
Also, in the sixth grade the survey 
shows that boys and girls are equally 
confident and interested in program- 
ming the computer However, In 
entries from lOthgraders in an annual 
computer problem-solving contest 
held at UW-Parkside, the boys out- 
number the girls 9 to 1. A recent 
survey in Creative Computing Maga- 
zine had a response vwith a distribu- 
tion of 95.^% maleand4.2% female. 

Ptogramo" ng the microcomputer 
was considered by the sixth graders 
to be highly motivating. They would 
rather spend theirrecess on it than go 
outdoors. Students came early to 
school and would hang around as 
'ong as they could after school. A 
sign-up sheet became a necessity. 
With practice, some of the students 
became resident 'experts' able and 
thrilled to help others - including the 
teacher Some of the sixth graders 
entered our annual computer pro- 
gramming contest 



R^Mftf ch QuMtlOflt 

This pilot project suggests a 
number of possible topics for further 
investigation and re^iearch : 

1. If students learn how to pro- 
gram a computer early, will 
they maintain their enthusiasm 
in later years? 

2. If studeni3 learn how to pro- 
gram a computer early, will the 
interest and confidence level of 
gi^ls, in lateryears, contmue to 
match that of boys? 

3 What factors Influence the ac- 
ceptance of microcomputers in 
the classroom*? Graphics? 
Games? Programming prob- 
lems? 

4. What IS the relationship be- 
tween logical thinking skills 
and creative programming 
skill? 



Conclusion 

Computers have been used in 
education primarily as a delivery 
system for subject matter. This role 
will continue to be developed even 

Instead of the computer 
programming the student, 
the student learns how to 
program the computer. 

further with microcomputers. How- 
ever, a new application is emerging 
which IS fundamentally different. 
Instead of the computer programming 
the student, the student learns how to 
program the computer. Arthur Lueh- 
mann describes it as follows* 

"Computing constitutes a new 
and fundamental intellectual re- 



source. To use that resource as a 
mere delivery system for instruc- 
tion, but not to give a student 
instruction In how he/she might 
use the resource, has been the 
chief failure of the CAI effort. 
What a loss of opportunity If the 
skill of computing were to be har- 
nessed for the purpose of turning 
out masses of students who are 
unableto use computing." 

The computer as an Instrument for 
learning logical thinking and prob- 
lem-solving skills Is only beginning to 
be understood. However, with the 
rapid development of low cost micro- 
computers in the next few years, 
computers - and hence computer 
problem-solving techniques - will 
become a fundamental intellectual 
resource. □ 
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The Hampton City Schools Computer Program 

HEORA I HARKAVY 



PtiMosophers have long maintained that 
dtversity is essentidi ^ a well-rounded, 
pfoducttve iifn and m no area of life is thi? 
need rnore urgent than m education A 
mtr>d givefi the proper amount of free- 
dom and discipline, will expand to accept 
new fdeas This truth so well known yet 
so often overlooked is revolutionizing 
contemporary concepts of education 

ForerTKjst anx)ng educational tools is 
the computer Around 1971 Hampton 
City Schools decided that learning to use 
computers would be a valuable skill for 
gifted students The district tied into a 
computer at the College of William and 
Mary but the 35-mile distance meant ex- 
pensive iong-distance calls, and the dis- 
trict cou^d not set its own ononties for the 
rented time With a 3-year Title IV-C grant 
of $350 000 the district rented a large 
computer for administrative purpose^ 
and for the gifted program Although th^ 
grant rmney has long s«nce run out the 
district wit^ own the computer as of 1980 
ar>d defray costs by renting tinr>e to other 
s^b!erT>s 

Gifted children e-e often called tvorv- 
towe^^ kids They h^ ? to work alone and 
'hey love to work W);h a computer The 
your^qe*' they stan the easier it is to learn 
- almost iike learning another language 
StudepN have been trained in the oper- 
at'on of computer terminals and use this 
Know*«dqe to a^d them 'n such varied 
*^uL|ecs as ^e^c nq mathematics and 



the sciences Computer-aided instruction 
has proved very successful as well as en- 
joyable to the students, who spend hours 
on the computer absorbed in what it has 
to offer The district is beginning to use 
the computer for remedial work It's a fan- 
tastic tool for both ends of the spectrum, 
as It gives the child immediate reinforce- 
ment 

By providing diversity, the computer 
gives the students the opportunities and 
the motivation for self-expression For a 
creative writing program on haiku, the 
computer presents the learner with nouns 
and adjeclives with which to create a 
poem A science course programmed 
with local data enables students to deter- 
mine effects of pollution on the James 
River A program on the stock market, 
which simulates financial operations, en- 
courages the student to use deductive 
reasoning to solve problems The pro- 
grams are updated yer . some monthly 
Computer instrucuon is less expensive 
per child than textbooks Gifted children 
are not happy learning from .obsolete 
texts An additional turn-on is that it's so 
current 

Gifted high school students learn pro- 
gramming and then design programs for 
elementary pupils By second or third 
grade, the children have learned jom- 
puter literacy, by fifth or sixth grade they 
are doing their own programming on a 
Simple level Students type into the com- 



puter, which can respond by printout or 
video tube It speaks their language It 
tells them "Right on'" "Groovy'" "You've 
done It'" When the kids use four-letter 
words, It tells them "No, no " It "talks" di- 
rectly to the child by name The computer 
also helps gifted students explde ca- 
reers by responding to their interests with 
descriptions of vocations, kinds of work 
involved, and training necessary to enter 
the fiek^ Jobs available locally are listed 
on the computer 

The Hampton City Schools computer 
program provides an ongoing opportunity 
for " udents to supplement and comple- 
ment their regular educational curricu- 
lum Knowledge about computers has 
been the entrance to jobs for many stu- 
dents, including summer work dunng col- 
lege With everything so computerized 
now. It has helped them in their studies of 
law, medicine, and business They have 
never been sorry they learned it This is 
the age of technology The future is here 
The computer is a "must" tool, especially 
for the gifted and talented 



For more information on the Hampton 
City Schools program contact Nedra 
I Harkavy. Director, Program for the 
Gifted. Hampton City Schools. 1306 
Thomas Street. Hampton, Virginia 
23669 
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The Paducah Tilghman High School Xhemics" Program 



STEVE JOHNSTON 



The "Chemics" program at Paducah 
Tilghman High School was started in 
1 977 to satisfy the need in our curriculum 
for a course to challenge and stimulate 
gifted talented math and science stu- 
dents Our school system had previously 
initiated a combined studies course, 
American Studies, for gifted talented hjgh 
school juntors This course consisted of a 
2-hour block of English and U S History 
We also had a math-science-English en- 
richment program in the elementary 
schools The need for more challenging 
courses at the high school level was rec- 
ognized and investigated After much 
study, we found that what we wanted was 
a combined studies course for seniors 
with an emphasis on math and science 

The Chemlcs Curriculum 

The results of our efforts was a restruc- 
turing of three courses that were already 
tn the curriculum second year Chemistry, 
first year Physics, and first year Com- 
puter Science The students soon coined 
the name *Chemics" fo' the course We 
used a 2-hour block of time, however, in- 
stead of team teaching, the class of 30 
students is divided into two groups We 
use flexible scheduling with each group, 
with three 2'hour labs and four 1-hour 
lectures per week, and at least one lec- 
ture with both groups together We found 
we could get 3 to 4 hours of work done mi 
the 2-hour labs because of the time 
saved D^'tting up and taking down experi- 
ments Sc'^edules normally run on a 2- 
week sequence, but ^an be altered to 
conform to individual cou'*se needs or 
school disruptions and holidays 

Criteria for student participation is 
based primarily on teacher recommenda- 
tion Sinue the course includes second 
year Chemistry we rely heavily on the 
recommendations of the first year Chem^ 
istry teachers The course has been very 
popular and we have had no problem fill- 
ing the class with qualified students One 
reason is that the type of students we 
want are very academically oriented and 
usually have full schedules Being able to 
ofter them 2'^ credits in 2 class hours 
^-"-T each for Chemistry and Physics and 
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V2 for Compute Science), has been a 
real advantage One problem with the 
2-hour format is that great care must be 
taken in placement of the 2-hour block in 
the master schedule Since the classes 
these students take, such as Calculus, 
are not usually offered more than 1 hour 
a day, care must be taken to avoid con- 
flicts 

Although we do not team teach, we do 
try to see that course content is coordi- 
nated to integrate all three subjects We 
have been particularly successful with 
computer-generated dry lab simulations 
tn the Chemistry and Physics courses 

Choosing a Microcomputer 

After the first year, we found that the op- 
portunity for lab simulation with a com- 
puter necessitated changing the method 
used to teach Computer Science For the 
previous 6 years, we had two keypunch 
machines in the classroom and batch- 
processed our computer programs at 
Murray State University This arrange- 
ment had some advantages and dis- 
advantages We were able to teach 
FORTRAN, haa hard copy for output, and 
the students were exposed io program- 
ming under a punched card environment 
The drawback was a turnaround time ot 2 
to 3 days 

After researching timesharing, mini- 
computers, and microprocessors we 
decided that the best solution for our 
situation was one of the microprocessor- 
based computers After looking at all of 
the available brands, we decided to pur- 
chase the Apple II Even though it was 
more expensive, the color graphics and 
the expandability seemed to best suit our 
needs The purpose of this article is not to 
sell a particular brand of computer, but if 
you are in the process of buying one, try 
not to let cost be the primary factor— 
this IS one educational area in which you 
really do get what you pay for We had to 
spread our pjrchase of equipment over 
several years and were not able to get the 
'computer, disc drive, and printer at the 
same time It is extremely difficult to 
teach Computer Science with programs 
stored on cassette tape and without ac- 
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cess to hard copy So if at all possible, 
get the disc drive and printer with the 
computer 

We are extremely pleased with our Ap- 
ple and have continued to add to our 
equipment each year Next year we wilt 
have a total of five Apples with two disc 
drives each, two printers, a graphics ta- 
ble, and the ability to teach four program- 
ming languages BASIC, FORTRAN, 
PILOT, and PASCAL 

The Lack of Educational Software 

The one discouraging area in the conver- 
sion to the microcomputer has been the 
lack of educational software and course 
material The manufacturers have done a 
superb ]0b in developing the machines, 
but the development of usable educa- 
tional application materials is far behind 
This situation is apparently improving, 
you do see more and more advertise- 
ments for educational software, which is 
great except for the fact that the number 
of disreputable companies will also in- 
crease Almost all of the programs being 
sold are really quite good, but we have 
bought a few that were worthless If at all 
possible, know what you are buying and 
who you are buying it from Also, do dOt 
be afraid to write your own software You 
will be surprised at what you and your 
students can turn out After the students 
acquire the tools necessary for pro- 
gramming, they can find challenge in the 
area of application software Applying 
computer programming to what they are 
learning in Physics and Chemistry has 
been an important factor in motivating the 
students in all three areas 

Information Resources 

If you are just starting to implement a pro- 
gram involving a computer, or think you 
might be interested in this area, there are 
several things you can do to broaden your 
background in this area First of all. read 
There are many good monthly maga- 
zines available that specialize in the mi- 
crocomputer The problem ts that most of 
these are not available in newsstands 
The best source for these publications is 
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the computer store If you are fortunate 
enough to have one in your area, don't be 
afraid to talk to the salespersons about 
your particular application I have found 
most of these people knowledgeable arvj 
interested in ait as^octs of computer ap- 
plications While you are there, ask to try 
out one of the machines Most of the 
manufacturers market a computer-as- 
sisted instruction program to acquaint the 
user with the machine and the program- 
ming lar ^ge 



Another resource is the local busir.ass 
community Ask your students if any of 
their parents work in a business that has 
a microcomputer You will be surprised at 
the number of small businesses that are 
using computers, and most of these peo- 
ple love to show off their hardware and 
share their ideas about computer literacy 

Computers are not a cure-all for the ills 
of education, but they are a valuable tool 
that can and should be used, not only to 
teach about computers themselves, but 



also to enrich instruction and challenge 
students in other subject areas 



For more information about the Chemics 
program contact Steve Johnston, Pa- 
ducah Tighlman High School. Paducah, 
Kentucky 42001 
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We believe the responsibility of 
challenging talented students and 
preparing them for tomorrow's 
World requires commitment and 
flexibility, Computing will be a 
part of that future world and plays 
a large role m the education of the 
150 North Carohna School of 
Science and Mathematics 
(NCSSM) students during their 
first ye^ir, a role which will in- 
crease as the school grows. The 
successful integration of comput- 
ers and education will require a 
commitment of funds, support by 
the faculty, and a well-defined 
philosophy toward the uses of the 
f computer. 

We have made our first steps in 
each of these areas. It is difficult to 
adequately express the excitement 
of teaching talented students at a 
time when microcomputers are 
within the reach of most schools, 
in a location providing access to an 
outstanding educational comput- 
ing network, and where the sup- 
port of private industry will enable 
the school to purchase a minicom- 
puter with a 32-bit central process- 
ing unit (CPU), This article is a 
description of our enthusiastic 
st'fps to implement this program 

We use the computer, a par- 
ticularly effective tool in educating 
gifted students, in three important 
ways in the educat'on of our high 
school juniors Our most impor- 
tant use is in the classroom Wc 
plan to involve the computer in the 
classroom instruction of subjects 
such as American Studies, foreign 
languages, and music, as well as 
the traditional uses in mathematics 
and science- This use is more char- 
acteristic of the university than the 
high school 

The second principal use is in 
the area of independent study 
Since motivation is essential for 
successful independent study, the 
natural intcfcst computers arouse 
in students is an immediate asset. 
Independent study was once 
viewed as useful only for the ex- 
ceptional student however, with 
the aid of the computer, many 
projects can be formulated and 
successfully completed by stu- 
dents from a broader ability range 
We intend to provide a high pro- 
Dortion of our hMdcnt body with 
O 
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the satisfaction coming from in- 
dependent study 

Our third major use is as a topic 
of study in its own right Such sub- 
jects as programming languages, 
algorithms, business and scientific 
applications, and the iiiipart of 
computers on society are offered 
While these topics are treated in 
other classes and in independent 
projects, each student has an op- 
portunity to take a course which 
addresses these broad areas in a 
formal rnanner. 




Integrating the computer into 
the total school program is a priori 
ty at NCSSM. Each graduate of the 
two-year program will have used 
the computer as a tool, will have 
an appreciation for the uses and 
limitations of computers, and will 
have written several programs 
Implementing th>j philosophy re- 
quires the cooperation of the entire 
faculty and the availability of ex- 
cellent computing facilities Our 
first faculty is establishing a tradi- 
tion of a broad view toward 
teaching and cducat.on This ap- 
proach—team teaching, coopcja- 
tion between teachers of different 
disciplines, and the feeling of a 
team working toward the same 
goal — creates an atmosphere 
where teachers encourage students 
to make use of technological ad- 
vances and which encourages the 
testing of new approaches or the 
inclusion of new topics 

The computing facilities consist 
of microcomputers and terminals 
accessing a minicomputer or large 
mainframe We have five Apple 
lis, oneTRS-80. and four terminals 
connected to the Triangle Univer- 
sities Computation C (Mi 1 e r 
(HP-2000! Amdahl V-8, IBM '370) 
through North Carolina Educa- 
tional Computing Service 
INCECS) Next year we will ado 
two more Applet and purchase a 
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Digital Equipment Corporation 
VAX-1 1/750 These facilities, 
together with our membership in 
NCECS, will give us a combination 
providing students with access to a 
wide range of computing power 
and virtually an unlimited number 
of potential projects 

The planned acquisition of the 
new VAX is made possible by a 
gift from a private corporation. 
This IS one of several gifts from 
private corporations which repre- 
sents a remarkable partnership 
between the public and private 
sectors. The VAX provides an ex- 
cellent base for the future growth 
of the school In our opinion, it of- 
fers effective interactive power 
We believe there is no substitute 
for an interactive environment 
when working with young stu- 
dents. The bulk of our computing 
on the VAX will be m [\ and 
C 

The microcomputer is the cen- 
terpiece of this year's program and 
will be the major part of our pro- 
gram for the next several years 
Microcomputers such as the Apple 
II and TRS-8(} are an excellent 
s()Urce of graphics and BASIC The 
graphics capability nf the Apple 
provides opportunities vvhuh we 
will pursue in the living/kMrmng 
atmosphere at NCSSM The resi- 
dential aspect ()f our pr()gram 
(Miahles us to make efficient use of 
our facilities -the computer room 
IS open from 8 AM to 10 PM 
Teachers can give an assignment 
involving the use of <i microccmi- 
puter to augment classroom in- 
struction, knowing the necessary 
facilities arc available to the stu- 
dent 

We believe microcomputers can 
be used effectively to augment 
course work, especially in mathe- 
matics and science Students are 
willing to spend more time "prob- 
ing' into a subject when it is 
taught in conjunction with an out- 
side-of-class interest The graphics 
capability of a microcomputer in- 
terests most students and can bring 
life to c\ textbook topic 

The Apple Education Founda- 
tion has given NCSSM the equip- 
ment to develop software for im- 
plementing our ideas Initially, we 
will focus our efforts on the coor- 



dinated use of tht AppK \n mMhc 
muhcs bu)l(\t;y vhciiuslrv aiul 
phvsKs The niatluMiiaucb h\u hvtb 
will diSLUss the iiunu'riLcil appriA- 
unatioii ot t'xpiTinu-ntal dat«i run 
siinuldhnns aiui allow studt'^t^ to 
v*xpl(^ri' the topK iiitei at li\ ('!\ 
tniakuii; extensile use ot i;ra[>husi 
!*lie svieiue leathers will tluMi 
buikl Oil this experience The 
Apple will be usini to prot^r^s data 
trorn au exprnrn«'nt prrloriiuil in 
the stuiieiits an exi itiiit: use ul tlu' 
ink rocoiuputt i 

The re>»t\iri.h Kihoratw, > u| (tKia\ 
UM's ir.ai hnu's Inith to ai tjuiio aiui 
to pt«»(.t•^^ t xperiiiu ntai tiala Di ii 
u<it«''i ( 'juipiut nt IS ton t*vptMisi\e 
tjir V iui^.vh ra'.oii l»\ a sc hool 
but Ml. lifMl>iiit\, laiul L<»st 
( {t(M \\\ W < )t inu r< < 'nipntt'i s 
< ail liclp *^rniu thr lab' )r <ilo( \ .-x 
pt rit'iii I' o! hiL,h s. Iimm! stuLiMif> 
L josiT {(I tht, nu'liiini^ usrJ in tilt' 
ai tuat o s'Mri h labs > >t {iHia\ 
F>srptiali\ Mn" nn< roLon,piitrr 
V. an b* li ' vlt nionstrat' Uu 

,pn it nt • i. ' aut« »fiiat u d'. quis! 
Moil ^\\^^ pr< u • >sin_: \ -I t \p« riiii^n 
tcil .i<ita 

rho voinputtT IS tJlsc us? Mil .IS a 
f^rui^t b' twrof! sui^h t t art'. IS If is 
ini{^ortan» {<tr st. honls tn tuKt a 
r-ro.id V h*w li^wani \h'- « liui atM 'U 
n| ' lf\ftjth and twt'lllh eradtTs 
1 !s t'sp«M lalK trut tor a si honl 
. SI ). Hs r and niatht math s Spt 
t lali/iiti' ai Is iiup( .rUint aiiii ,i oMii 
t\ tuir tl :s also iiupnrt.mf that 
-,fii.l''Fit-. It I « I', « sohd L^xposurt to 
.1 \ a- It t\ ol Jss( ipim- s and that th ' 
r latjnn^hap , nt t}i< ihsi iphtir -, b( 
. nif^hasi/i -i Tin' < ' wnputn w ith 
its jpplhatious m uicUn .jr^as tan 

prn^ Ki( not nlilv OXainplcs of ttl' 

ult . I < )Opfrati( 'M cU ross . iis^ iphn* s 
but also nppnr tunitu's turfhrr 
Know U'dii^c in i)i.r at ca b\ ap[^]\ mu 
kr.nw It 'h'.r ar. 1 i<H hnolov;\ tioni 
.ino(h<-: arr<i 

\( SSM f xfirOs to s(^r\«^ sf\rial 
V nnstitu« I'll it s 1 !irrt' < »t thfst^ i < tii 

1 Mi ' n- o - t !i • loi t n ! > a ! 
\( ss\^ fi^, ^fipj, nf ♦ af "tii. ! 

^. \]i n , 11., 1*1,. ,H h< I S Ml o 'luh 
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out the slate exert a niaior m 
tluence on the tiireclion (.onifuitnii; 
w ill take at our sc hool Our cm 
phasis on iuk roconiputers and 
i;ra[)hics is based in part on the 
availai^ility ot the equi[)nienl tor 
St bonis across the stale We are 
lonunilled lo sharing; tht- results ot 
our experuMK es with edu(.ators 
throughout the state tor our 
mutual iu-netit llus c oninutment 
will in* translated into designing; 
niatt-nals which tire a[)plKablo 
statewide and into pu'smMny, 
summer programs toi t^a.!l(ls 
Irnin (U ross tht' state I'oi nMi Mtst 
summer prt»gram t<M teat hois wo 
are planning two w*>rks[iop. nn 
tiie uses ol mu I Ot omputei s One 
lumdretl and twent\ leai hois will 
be m\ fled to sjn'iid two weeks in 
lesideiue tn le.»rn elellh lltat 
K nmputet pi ogi amnung and Mie 
apph* ations nt nin !<u nmputt r . \\\ 
piathematii s .md st leiu t 

\Vc behe\ e the lu \t tw n \ » .ip 
ai e t rilu d\ in mu'oU in ^ lei^ m, t tm 
jMiters in set nndar\ ed\;i ation It 
Mie use ot this new techimlngv can 
be 4i\en dne^Mon <ind , ^hiMeiice 
mil t ni » impute! s will b< l ome an 
iiiteuial part (M i lassouun * dm «i 
hon \V*' btdu'v i thi^ is desiiah!'' 
,uui h<»pt tn d( fnoiistr.ite that 
jiiu roo>mput(M s t<in be usetl tor 
tai moo th<m the tt\u lung ol t mn 
[Hiti r [Mngmmming I lie inte^ia 
Mon nl niKMHompuieis into die 
nMdieniatK s and st n lu e i ni 
iKiihim wiM be a major tr^ us nt 
the next seve. 1 ve.iis at NC^SSM 

I he inspimtion and support ol .i 
tarsighted go\ern(»r the people oi 
Ninth C\nohna and the h.iid work 
nt tlu^ tounding taculty and ad 
ministration ha\ e combined to 
( leate a learning eiuironnunt <it 
NCSSM th.it is idtMl b>i de\elopmi; 
nt^w approcK hes and toi helpiip; 
other edu( ,itnrs in then etfni is tn 
impro\ e ' dui ation at die st i ond 
a!\ le\td In tht i ourst (tt di sii-n 
a ( iirru uhim toi talentt d stn 
dm! s we lli>p' t( . de\ e!np mat( ! t 
li*- and ['in 'Mills appropi iat< 



use m many scfio(>ls across the 
state The parlnershi]^ ot goveriv 
ment and private industiy is en- 
abling us »() meet Miese important 
goals ■ 

North Carolina 
School of Science 
and Mathematics 

The So}th Carolina School oj 
Siicfhc and Miillu'niatic^ uu/.s 
./t\;/ec/ m r^7S h\ ' w Morth 
(\nohna (General A^scnihl\ at the 
'W/i,%'es//(>r (»/ (hn't'i>}of James B 
Hunt Jr It /s a ^tiitewide residen- 
tial ioediuational /V'^'^'^ ^^^K^^ 
S( /?on/ devrlopeii ^pvi ifimllv to pfo- 
vhU' a i halu-ni^m^ edu< it ion jor 
eleventh and tw eljth i^mde^s who are 
i,'///t(/ ir, M t/^/(/ nnifhefnath s 
//fe S(//r)n/ 1^'/ itnptntant step 
/oui/m/ M'\'t'^ s/Wi,' devii'-tiitin^ na- 
t-nthil tft'thls dh neiilei t ediua- 
/o; hii:h i iillhi r studi nts the 
de> Inw in tlw Kimiiifx of s< lenx e and 
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Computers .... Are All Dinosaurs Dead? 




Are qU dmosQurs dead? — Probably/ not, and the six to eight \;eQr olds sttd^/ing this subject 
in the University/ of South Ahbomo^s Soturdoy; Program for Gifted children ore using the 
Progrom's TRS-SO microcomputers to gain background knowledge in th^ subject. Not on/y 
are the \;oungsters learning more about one of their favorite topics through the use of an 
instructional game but a/so, as a b\/product, they are learning to operate the computer, an 
item of equipment that is being increasingly^ used in programs for G/C/T youfh. 



Numerous articles h^ve been written 
to describe ongoing computer 
oriented programs and thee sue 
cesses, yet none has provided the 
**How To" information for an inter 
ested educator to initiate and manage 
such programs in his her own 
environment In keeping with G C T's 
intent to provide usable information to 
those involved with the G C,T child, 
this article will be directed toward 
informing the reader how 
microcomputers can be reasonably 
introduced into an existing program 
for G C T children 

One might easily relate the traditional 
large scale computer in the pre college 
educational enviornment to the dino- 
saur Its dominance in the educational 
realm is on the wane The reason for 
this situation is the development of the 
microprocessor— a computer on a 
single integrated circuit This device, 
as the heart of a microcomputer, 
offers computing power equivalent to 
computers costing in the five to six 
digit range only a few years ago 

Even thos€ schools which are using 
mtcrocomputers or the larger mini 



computers seldom seem to exercise 
these equipments effectively In many 
programs one finds the computer 
used for a relatively few students to 
learn programming techniques or 
computer design The computer may 
be infrequently used by an additional 
segment of the student population for 
simulations or games that are related 
to political science, history of busi 
ness In other schools one finds the 
computer used exclusively as a 
"teaching machine**, most frequently 
for teaching younger children reading, 
math or perhaps a foreign language 
The computer is a flexible, dynamic 
teaching aid which should be utilized 
across the entire spectrum of its 
capability It is time to pause and take 
an arm's length look at the computer 
and its role in the school environment 



The University of South Alabama 
Saturday Program for Gifted Children 
(SGP) began offering computer 
programming for its students in the 
spring of 1977 using the University's 
IBM Model 370. 145 This was at least 
a step in the right direction However, 
the complexity of dealing w\th such a 
large system and its uncompromising 



protocol mad*? it less ihcv^ optimal, 
particularly foi the youn " r children 
(8-9 year olds) in the c' ' - Even this 
first foray into comp .ig verified the 
high level of interest among the SGP 
students Approximately seventy 
percent of those who had participated 
m the Spring programming course and 
later enrolled for a second year of the 
Saturday Program, also chose a 
second course in computer program- 
ming as one of their Fall Quarter 
courses Still, the complexity of 
working with the IBM system caused 
some consternation. 



In the Fall of 1977, The Tandy Cor- 
poration's Radio Shack Division 
announced the availability of its TRS 
80 microcomputer This self 
contained, completely assembled 
microcomputer appeared to be the 
exact answer to our needs Using the 
state of the art Z-80 microprocessor, 
this system is composed of a 
computer/keyboard, video monitor 
and cassette recorder, at a total c^st 
of $599 00 The Saturday Programhad 
been looking for a microcomputer to 
use but seveial problems had 
precluded the acquisition of systems 
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prior to the entry of the TRS 80 
First, most reasonably priced (under 
$1800) microcomputer systems, that 
were available in the Fall of 1977, were 
sold in kit form This required the 
buyer to assemble and test the system 
prior to putting it into service Due to 
the electronics background and 
sophisticated test equipment required 
to accomplish this task, it was an 
insurmountable obstacle for most 
schools Second, repair and mainten 
ance service for the existing systems 
was either unavailable or prohibitively 
expensive With Radio Shack's 
nationwide system of repair facilities, 
these roadblocks were overcome 
Tandy has established a separate 
division. Tandy Computers, which will 
most probably event .ally direct the 
corporations computer related 
activities, however, the TRS 80 is now 
a standard "oH the shelf" item at most 
Radio Shack stores 

In November, The Saturday Program 
ordered four TRS 80's They were no 
more difficult to set up and operate 
than a simple component stereo 
system Plugging in three A C line 
plugs and three interconnecting 
cables is all that is required to make 
the system operational All connec 
tions are clearly mark^d The manual 
provided with the microcomputer 
assumes that the user has no prior 
association with computers and thus 
takes the reader from initial equip- 
ment setup through all the program 
ming techniques available in the 
computer's resident BASIC Lan 
guagc The manual is written in a step 
by step, programmed instruction 
approach which will permit its use 
either as a resource btwk for the 
teacher or as a student text 



The primary use of the SGP micro 
computers is to teach computer 
programming to students in the age 
range of 8 to 18 who elect this subject 
During their first quarter of program 
ming, the students are taught the 
computer language BASIC The 
objective IS to familiarize the student 
with the computer and how it can be 
made to work for him/her Some 
simulations and computer games are 
used as motivators during the quarter 
It became apparent that many of the 
kids would take this course repeatedly 
for the simulations/games alone, 
without ever mastering BASIC lo 
Q-'ure their concentration on the task 
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of learning to program, a post test has 
been introduced on which a score of 
must be achieved in order for the 
student to select a subsequent pro 
gramming course If a program 
intends to offer computer time to 
students beyond an introductory 
level, the participants must be guided 
and challenged just as with any other 
course for G C T youth The SGP 
present modus operandi is to have the 
advanced programming students 
identify one or more objectives which 
they will work toward during the 
quarter These objectives might con 
centrate on improving their skills in 
graphics techniques or in the develop 
ment of programs for home use The 
students work independently on their 
projects, using their instructor as a 
resource person for advice or and 
assistance as required 

Usmg the mdependent study 
approach to advanced programming 
students can reap other benefits for 
both the program and the student 
The student may elect to develop one 
or more programs relevant to his 
activities in another of his subjects 
Such a student could be of valuable 
assistance to a teacher who wishes to 
include some computer related 
activities in his her course 

Beyond the student directed indepen 
dent study, these advanced program 
mers could be encouraged to do 
specific developmental tasks related 
to the administration, planning or 
curriculum of the program itself 
There are an almost unlimited number 
of software items ttjat could be 
developed by these programmers 
which might make a significant contri 
bution to the direction in which the 
program grows 

The student programmers' growth 
and development are simply functions 
of the teacher's own creativity in 
keeping them challenged If the 
teacher follows the guilde lines 
described above, she he can keep 
these more capable students deeply 
involved m their own research and 
development activities while the 
maionty of clasbrcx)m time could be 
devoted to beginninq programmers or 
^hose whoare havingdifficulty master 
ing programming concepts 

Now what about students who are 
not in programming courses'^ 

'^8 



Teachers should consider using the 
microcomputer to add spicc and 
motivation in their courses in much 
the same way as other audio-visual 
equipment can be used Beyond the 
rudimentary machine functions which 
any other computer user must learn (it 
takes approximately five minutes to 
teach anyone), the computer does the 
rest of the work Programs should be 
written in a fully interactive mode (i e , 
self prompting and error correcting) 
so that the time wasted by instructions 
from theteacherwill be minimized An 
example of such a program 
accompanito this article This 
program, **Dinosaurs", is written in 
Radio Shack Level 1 BASIC and was 
developed for use with a course (or six 
to eight year olds entitled, "Are All 
Dinosaurs Pead"^" This type of 
program is easily developed and can 
be expanded or reduced depending 
upon the capabilities of the micro- 
computer available The example 
program requires the TRS-80 with 
16K of user memory With very little 
effort the program could be reduced in 
scope to fit the smaller TRS-80 with 4 
K of user memory (The reader should 
not be irightenedoff because of a little 
technical jargon such as 4K or 16K of 
user memory Within an hour, she/he 
will find the terms coming quite 
naturally ) 



What are the hard facts an interested 
G/C/T teacher must have to sell 
his/her administration on such a 
project"^ How should the program be 
implemented and how much will it 
cost'^ Many G/C T programs which 
offer courses in computer program 
ming might more appropriately call 
these courses ''Introduction to 
Computers" because the kids get little 
or no opportunity to have hands-on 
experience with the computer G C T 
kids hove little interest in watching 
others operate equipmenf^They must 
be actively involved The Saturday 
Program has found that the most 
desirable ratio of students to the 
computer input/output (I/O) device is 
two to one for classes on program 
ming The I/O device might be a 
printer or video terminal in a large 
computer time sharing system, while 
the microcomputer such as the TRS 
80 has Its keyboard and video display 
integral to the microcomputer system 
The rationale for the two to one ratio 
has evolved over several quarters of 
operation Due to the usual time 
constraint of one hour perclass, three 
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or more students per i O device will 
not allow each student to have 
sufficient hands on opportunity to 
work v» 'h the programming tech 
niques being taught Hands on activity 
IS the key to continued interest and 
achievement in this subject area The 
SGP violated its own rule in this 
regard one quarter with disasterous 
results Because of the large number 
of applicants for programming, the 
classes were set up with a three to one 
ratio with the result that students who 
participated in these larger classes did 
not have sufficient applications time to 
learn the programming techniques 
Many of them became disenchanted 
with the whole idea because of their 
competition to get a share of compu 
ter Ume Th(jse who were more 
persevering made the best of the 
unfortunate situation and they signed 
up for a second opportunity to learn 
the matenai during the following 
quarter N^?edless to say the ratio ot 
students to 1 O devce is back to the 
pr(jven two to onr 

One might iogii al.v cisk. "it two to one 
IS good, whv wouldn't one to one be 
even bettn-'' Ironicallv enough, even 
It there is an 1 O device for c*ach 
student m the Beginner's Program 
mmg Cit^sses, during the initial 
learning investigative stage, the 
students wili gravitate toward working 
in pairs to sr}ive programming tasks 
Learning j i^omputer languaqe is 
^TRif h hkf' learning An\, for^^ign 
iarvjuaqt' I hn {)rrh;ntition of iearning 
the Jang'^af^e anci appivinq \he 



language to problem solving situations 
often causes even the most dedicated 
"lone wolf" to seek association with 
his peers to accomplish a task One 
m.ght view this interactive environ 
wnt as one of the major advantages 
to teaching computer programming in 
this manner 

The number of systems a G C T 
program is to acquire will be a function 
of the educator s creativeness in 
locating funds and or his her persua 
siveness with the local school 
administration If there is absolutely 
no computer equipment on site, an 
initial investment in one or two 
systems could get things started An 
individual adept at proposal v^'ritmg 
certainly should seek outside 
resources and try for a larger nurr.ber 
of systems 

An interesting cost comparison can be 
shown between the relative merits of 
adding printers or video terminals to 
existing large computers available to a 
school system or beginning from 
"scratch" by purchasing an indepen 
dent microcomputer Consider the 
cost of two of the more common I O, 
terminal equnments 
Lear Sigler, ADM 3A, 
video terminal $8% (/'^ 

or 

Digital Equipment Corp 
DEC Writer II, 

printer terminal $149S Oi) 

^'S 

Radio Shack TRS 80. 

rnu ro( fjmputer S^^:^ 



The terminal cost only includes the 
equipment (hardware) and does not 
include such items as installation and 
line lease fees for the terminals The 
microcon'puter has no additional 
costs' From a cost effectiveness 
standpoint, the TRS 80 wins hands 
down A program can purchase three 
complete microcomputer systems for 
the cost of two Lear Sigler, ADM 3A 
video terminals, or FIVE micro 
computer systems for the 
approximate cost of only two DEC 
Writer lis 

The arguments are strongly m favor of 
the microcomputer from virtually all 
points of view The microcomputer is 

• More cost effective 

• Dedicated to exclusive student use 
(The G C T program doesn't have 
to be concerned with being pre 
empted by some priority lask, an 
experience one cannot escape as a 
time sharing customer on a large 
coniputer) 

• A more effective system to teach 
programming because of its simpii 
city of operation 

• More easily repaired and main 
tamed 

• A system whicli can be utilized and^ 
taught to children hv personnel who 
are nf)t ( ornputt^r professionals' 

The coniDuter has pr(u t'n itself to be a 
powerful education deVK e With the 
advent ol the FRS 80 microcomputer, 
it is well within the reach of every 
progrtiHi for G C F children 



The Talcott Mountain Science Center 
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Every Saturday childrpn from a number of 
towns throughout Cormecticut travel by 
bus to the top of Talcott Mountain They 
have been selected by their elementary 
and secondary schools as students with 
special interests or abilities in science. 
They are participating in a unique and 
exciting program at the Talcott Mountain 
Science Center 

Situated at the top of Talcott Mountain 
ridge in Avon CT, the Talcott Mountain 
Science Center i5 a regional center for 
science education It has a cluster of sci- 
ence iaboratones and classrooms, a staff 
of specialists, and a wealth of materials 
for science exploration Students go to 
the Science Center to learn by doing— to 
become involved in real scientific investi- 
gation 

In the Saturday program for gifted and 
talented children, most of the students 
are working on independent projects 
Some students are building electronic 
gadgets in the radio-electronics lab, or 
tracking the OSCAR satellite for amateur 
radio communication from the ham 
shack In the evening, astronomy stu* 
dents are using the Science Center's 
telescopes and developing astrophoto- 
graphs in the darkroom For meteorolog- 
ical research the center has a complete 
weather station, receives weather data by 
Teletype, and affords a 360" panoramic 
view of weather conditions throughout 
central Connecticut The woods and 
ponds around the center proviue several 
different ecosystems to explore. In the 
alternative energy lab, students experi- 
ment with solar cells, or build windmills to 
generate electricity Of special interest to 
readers of onComputing, students inter- 
ested in computers use the Science Cen- 
ter s PDP-11 minicomputer and Apple II 
microcomputer 

The PDP-11 10 (Digital Equipment 
Corporation) !S a minicomputer capaWe 
of serving six independent users at the 
same time Users can select from over 
100 programs available in the program 
library or can write and store their own 
programs Though the mainframe of the 
PDP-1 1 1S located m a corner of the Com- 
puter Sciences room, terminals can be 



connected from several other rooms at 
the center simply by plugging the termi- 
nals into special outlets Terminals can 
also be connected to the PDP-1 1 by tele- 
phone (several st ols rent computer 
time from the center) 

The Apple II is a single-user micro- 
computer It IS small and portable enough 
to be carried from room to room, or even 
to schools served by the Science Center 
The Apple II has a cassette tape recorder 
and a floppy disk drive (5 inch diskette) 
for auxiliary memory The sound and col- 
or graphics capabilities are special fea- 
tures of the Apple The center also has a 
Heathkit H11 microcomputer, and two 
digital logic labs With these facilities, a 
wide vanety of computer-related activ- 
ities can take place 

Games and Simulations 

Many students begin their use of the 
computers by exploring the various 
games and simulations available on the 
computers With a brtef introduction to 
the procedures for running programs, 
students are soon independently (and 
enthusiastically) playrng games and sim- 
ulations such as ASTRO (a simulated lu- 
nar landing), POLLUTE (a water pollution 
experiment), and ANIMAL (in which the 
computer uses logical thought to guess 
which animal the user is thinking of) 
These programs have been selected or 
developed at the center specifically for 
their value in science education, and the 
students clearly enjoy their use. 

Many of these programs are used m 
the context of other Science Center act v- 
ities Bill Danielson is Assistant Director 
of the center, and is in charge of the gifted 
and talented program He is also the staff 
member with primary responsibihiy for 
the computer resources. Though his 
background is in astronomy and mete- 
orology, he has been involved with the 
center's use of various computers since 
1969 Danielson describes the use of the 
lunar landing program. "Before they play 
ASTRO, many of the students have seen 
our videotapes of the Apollo flights, 
they ve observed the moon through our 



telescopes, they've done a "lost on the 
moon" activity, and they've created mod- 
els of lunar craters in the classroom. 
Then they finish with their own lunar land- 
ing It's a ven/ exciting thing, they really 
are piloting the lunar module at that point 
The visual images are important to help 
the computer's printout come alive." 

Another instructional program is 
WEATHERWISE It was written by Dan- 
ielson to help students learn how to inter- 
pret weather data Several individuals or 
teams may play Each team must pilot a 
ship across the Atlantic Ocean from New 
York to Iceland As they trace their pro- 
grams on maps, students tell the com- 
puter in which direction they would like to 
travel for the next four hours The com- 
puter calculates the new locations, and 
also reports the local weather conditions 
Tne students must use this information 
and apply their knowledge of weather 
maps to avoid the storms over the Atlan- 
tic More than one ship and crew has 
been lost at sea over the years 

For more advanced meteorology stu- 
dents, there Is a program to simulate 
cloud seeding Students input control fac- 
tors such as ram droplet diameter and 
concentration, and cloud thickness The 
computer calculates the amount of ram 
produced over a given period of time The 
students must try to determine the opti- 
mum conditions for cloud seeding. John 
Porter, a staff meteorologist, is revising 
the program to include the effects of up- 
drafts and downdrafts He also would like 
to use Apple high-resolution graphics to 
show the formation of the clouds and the 
falling ram 

Computer games and simulations en- 
able students to "experiment" with sci- 
entific processes that otherw;se might be 
impossible to expenence in real life Ge- 
ology students use a program that simu- 
lates radioactive decay rates for selected 
materials (certainly safer than expen- 
mentation), and run a program that com- 
presses geological time into one year 
Ecology students learn about biological 
mutation rates with a program that simu- 
lates fruit fly (Drosophila) reproduction 
This IS often done along with experiments 



EI\IC onComputing, Volunr>e 1, 
hi^ ii miiMfT i T i i i in permisston 



Number 3, pages 34-46 Copyright ^ 1975^yt)nComputmg. Inc Ail rights reserved Reprinted 



49 



wtth living fruit flies The computer simu- 
lation can compress the months needed 
for several generations into the bnef peri- 
od of time needed to run the program 

The staff of ihe Talcott Mountain Sci- 
ence Center has also had to learn how to 
use these programs The center employs 
about fifteen full-time science teachers 
Only a few of them had any experience 
with computers before starling at the cen- 
ter They are specialists in other fields of 
science, ar>d have learned about comput- 
ers on the job Expenence has shown 
that It IS easy for teachers to learn how to 
use both the PDP-11 and ihe Apple II 
computers It has also been found that 
the individual staff members acquire dif- 
ferent levels of computer literacy, accord- 
ing to their own needs and interests By 
now. all staff members at least know how 
to run programs appropriate to their par- 
ticular fields of science Some of the staff 
also know how to wnte programs in BA- 
SIC, and have worked on programs to 
serve particular instructional needs The 
three staff members who do most of the 
teaching about computers have 
more extensive experience wtth comput- 
ers (mostly at the Science Center) In any 
case, there is a sharing of expertise 
among the staff members, and the com- 
puters are used to some extent in all 
areas 

Data Analysis 

Several of the Science Center s instruc- 
tional activities take advantage of the 
computers* abilities to analyze data In 
one such activity, students launch 
helium-fiHed balloons to determine wind 
speed and direction They use a theodo- 
lite and stopwatch to accurately measure 
the changes in balloon positions over 
time The students run a special program 
on the PDP-1 1 to analyze this data and 
calculate the observed wind conr^'tions 
One group of students used balloon 
launch data from several locations to 
study pollution dangers associated with a 
proposed interstate highway The study 
became one of the factors used in a deci- 
sion to relocate the highway away from a 
group of water reservoirs 

The center has solar prominence and 
sunspot telescopes, as well as a solar 
spectrometer Various programs are 
used to analyze sunspot activity and cal- 
culate solar temperatures Programs like 
these help students interpret and under- 
stand research data 

Chronobiology fs the study of biological 
processej as they rhythmically change 
with time For example, temperature in 
human bodies varies accotding to regular 
^"^tterns throughout the day. plants bios- 
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som in annual rhythms, the human men- 
strual cycle IS approximately twenty-eight 
days (Chronobiology should not be con- 
fused with the pseudoscience of "bto- 
rhythms ") Science Center students use a 
range of equipment to study rhythms in 
plants, animals, and humans The com- 
puter IS an essential tool for this study 

Or Donald P LaSalle, Director of the 
TaJcott Mountain Science Center, has 
been a pioneer in educating children to 
use biological measurements to learn 
about their own arcadian (daily) rhythms 
LaSalle comments, "Tne computer is to 
chronobiology as the telescope was to 
astronomy Galileo's telescope enabled 
him to see detail precise enough to rec- 
ognize the true nature of the solar sys- 
tem The computer enables us to study 
large enough amounts of biological data 
to recognize subtle changes Before 
computers, sophisticated chronobiologic- 
al research was virtua"; impossible With 
computers, even elementary school chil- 
dren can take their own biological mea- 
surements and r'jn the data analysis 
programs " This information can help stu- 
dents recognize their own daily rhythms, 
and understand how these rhythms affect 
their daily lives 

Student Programs 

After a few sessions working wrth the 
computers, most students are eager to 
learn how to write their own programs In 
the Saturday program, students may 
chooso to participate in a six to twelve 
week session on computer programming 
The emphasis is on applying the comput- 
ers to the students' work at the center 

BASIC IS the programming language 
used for both the PDP-1 1 and the Apple 
II (some of the more advanced students 
opt to learn machine language as well) 
Though BASIC has some limitations, stu- 
dents find It easy to learn and apply 

The staff has found it helpful to use a 
"read-modify-write" sequence to teach 
particular commands, in the case of 
FOR-NEXT loops la loop is a type of 
computer language structure in which the 
computer repeatedly cycles through a se- 
ries of instructions], for examnle tVj- 
dents first read a simple program which 
contains a FOR-NEXT loop, while the 
teacher demonstrates its use Next, they 
obser^v'e the effects of modifications in the 
program, such as moving the NEXT 
statement Finally, the students write 
their own programs using FOR-NEXT 
loops This sequence can be applied to 
any command, and helps students 
progress from the concrete to the ab- 
stract 

Some early programs include mathe- 
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matical calculations such as area and 
average, graphic manipulations, word 
quizzes, a com tos? simulation, and con- 
versions such as Fahrenheit to Celsius It 
takes jUSt a few weeks of practice for stu- 
dents to feel comfortable wnting pro- 
grams in BASIC 

As students begin to work on longer 
programs, the staff has found it important 
to teach structured programming tech- 
niques (Structured progiamming refers 
to a particular approach, and technique's, 
for writing programs that are logically 
ganized and clear to understand— hu- 
man readability is as important as com- 
puter readability Students are shown 
how to use a lop-down design," which 
involves breaking the overall program de- 
sign into smaller, more manageable sec- 
tions These sections can sen/e as the 
basis for "block-structured" programs 
REMarks are used \o indicate the flow of 
control in the programs, and explain the 
operations of sections that might be con- 
fusing or unclear A heading is required 
on all student programs to indicate the 
name of the program, the author, and a 
"save until" date (student programs are 
periodically purged) Preferably the 
heading also includes a list of variables 
and a bnef descnption of what the pro- 
gram does. There are some limitations on 
the use of "true" structured programming 
techniques, because BASIC lacks certain 
control structures such as WHILE and 
UNTIL loops Nevertheless, the staff has 
found It essential to specifically teach a 
Jogical approach to program design 0th- 
en/vise student programming projects be- 
come confusing and unmanageable 

Many of the students' programs are re- 
lated to other areas of interest. A student 
who has had some experience flying air- 
planes IS presently writing a game pro- 
gram which involves a simulation of the 
airplane s controls Vanous different sce- 
nanos can take place, and a successful 
flight requires careful calculation of flight 
direction, wind speed, fuel consumption, 
and attitude 

An ecology student, who had been 
studying about the predator-prey rela- 
tionship of rabbits and foxes, recently 
made a computerized model of a forest 
The program calculated the total popu- 
lations of rabbits and foxes, based on 
such factors as initial populations, food 
available in the forest, rainfall, and natural 
disasters Defining these interrelatibn- 
ships in mathematical terms became the 
focal point for a careful ecological anal- 
ysis 

Lisa Barnharl, a high school student, 
used the computer to study the correla- 
tion between crime and weather She 
based her study on cnme statistics from 



ttie Hartford police, the state polic\ and 
the FBI. along with weather data for 4 five 
year period Quoting from her sumnjary 
report "The temperature had the greatest 
influence on crime It had its largest effect 
on larceny, then in descending order, on 
aggravated assault, burglary, and rob- 
bery Precipitation, strangely enoi'gh, 
had a great effect on two crimes robbery 
and burglary I had anticipated a lowb*' 
crime rate when the''e was more precip- 
itation " 

Michael Dowling. another Science 
Center student, is working on a program 
whtch will calculate the orbits of planets, 
comets, asteroids, and other orbiting ob- 
jects, using the Laplacian method The 
calculations are based on position data 
from three precise observations through 
the center's 32-centimetef reflector tele- 
scope 

A geology student wrote a program to 
identify rocks based on descriptive data 
By asking questions about rock charac- 
terist'cs, the program is able to identify 
several types of rocks The classification 
scheme underwent several revisions as 
the student learned more about rock clas- 
sification systems 

The color graphics of the Apple 11 offer 
powerful capabilities that the students en- 
joy exploring In some cases the students 
experiment with kinetic art, manipulating 
the graphic images under program con- 
trol One group of students used the Ap- 
ple to display a graphic image of the sun 
and indicate the placement of sunspots 
according to daily observations Their 
program attempted to duplicate the cor- 
rect nnotion of the sunspots 

A prqect not yet completed is the stor- 
age of star position data in the Apple II 
Users will be able to specify particular 
areas of th«j sky, and the Apple II will use 
high-resolution graphics to plot the ap- 
propriate stars in thb<r correct positions 
When It IS completed, the Apple II can be 
easily carried to the center's observatory 
to facilitate stargazing 

Though some of these programs may 
seem farly sophisticated, few of the s\ «- 
dents had any experience with comput- 
ers before going to the Talcott Mountain 
Science Center Once students are famil- 
larw.ih a programming language such as 
BASIC, writing programs is not a difficult 
process The focus of their work usually is 
on designing the algorithms, or proce- 
dures, which form the basis for the pro- 
gram Thus the emphasis is primanly on 
scientific understanding of the problem 
Actually writing the program {and imple- 
menting, testing, and debugging) in- 
volves time and work, but is rarely too 
difficult for the student to handle 
^j"ie major problem with computer use 
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at the Science Center is providing suf- 
ficient computer access fme to the stu- 
dents In spite of the availability of six 
PDP-1 1 terminals, the Apple 11, and a few 
other computer resources, demand for 
computer time is higher than the supply 
There are several aspects to the solution, 
none of which completely alleviate the 
problem The computer programming 
class has a lower student capacity than 
some of the other classes — twenty stu- 
dents (with two teachers) is a maximum 
With the Apple, and four or five terminals 
to the PDP-1 1 (some terminals are usu- 
ally used by other classes), this provides 
a student/computer ratio of about four tc 
one Sometimes students work in groups, 
and there is a sign-up procedure to take 
turns The center also uses student tutors 
to help answer questions, both between 
turns and at the terminals It's important 
to remember that the off-line time is also 
vital to the program development pro- 
cess Students need to study the problem 
and design the program before sitting at 
the terminal. Also, corrections and im- 
provements can often be seen more 
clearly when the programmer gets away 
from the immediacy of the keyboard and 
printout 

Hardware Projects 

"We definitely are software oriented." re- 
ports Danielson "It's clearly easier for 
students to write their own programs than 
to design hardware construction projects 
However, a number of our students have 
gotten involved with hardware design and 
use our electronics lab to build computing 
machines " 

The Science Center has a few com- 
mercial digital logic labs, which help intro- 
duce students to the theory and practice 
of digital design The center's first micro- 
computer was a Heathkit H1 1, a kit built 
by a group of students Other students 
have built computer kits for personal use 
With the help of Bob Judd and Al Vitiello, 
the center's electronics specialists, some 
students have designed and built their 
own computers. 

Tom Birdsall is a high school student 
from Andover CT He describes his 6x- 
penences with "homebrew" computers 
"Two and a half years ago I felt that I 
wanted to learn how computers worked 
by building a microcomputer — not from a 
kit. but from scratch My computer is 
based on an 8080 microprocessor, and 
has 1 kilobyte of programmable memory 
The first version was built on a proto- 
board My second version features a 
case and a switch register for input^out- 
put Though it is currently limited to math- 
ematicri manipulations, in the future I 



hope to use my computer to synthesize 
music, control remote equipment, and, 
above all, as a general-purpose home 
computer " 

The Saturday program is certainly the 
most intensive experience students have 
with computers at the Science Center 
Yet It should not be thought that only the 
"gifted and talented" can learn how to use 
computers Throughout the week the 
center offers numerous other computer- 
related services to educational institu- 
tions at all levels (It is important to keep 
in mind that the computer is jUSt one of 
many instructional and investigative tools 
used at the Science Center.) 

Computer Literacy 

Some schools contract the center to 
teach basic computer literacy, either in 
the schools or at the center The purpose 
IS to expose students to the capabilities of 
computers, and to provide some expen- 
ence in their use The minimum is a three 
session sequence, which includes an in- 
troduction to computers, a chance to play 
some computer games and simulations, 
and some introductory expenences with 
BASIC. Several schools rent computer 
time from the center, with the benefit of 
access to its wealth of science-related 
programs The Board of Education in 
Southington CT recently purchased an 
Apple computer, and has contracted the 
services of the Science Center to help 
them learn how to use it in their schools 
Staff member John Porter travels twice a 
week to Southington to teach students 
and teachers how to use the Apple and 
how to program in BASIC He also offers 
suggestions on how to apply the comput- 
er, especially in science education Por- 
ter enjoys using the computers, and his 
enthusiasm is an important factor in turn- 
ing kinds on to computers 

Research 

For several years the center has been 
involved with research on solar energy 
Two of the buildings at the center have 
solar panels providing some of their ener- 
gy needs The new "Solar-heated Chro- 
nobiology and Appropriate Technology 
Laboratory" has several banks of active 
solar collectors on its roof They provide 
all of the hot water and 50% of the space 
heating energy resources In addition to 
collecting information about the efficiency 
of these panels, the center also operates 
solar instruments that measure direct and 
diffuse sunlight throughout each day The 
data from these measurements is being 
collected and analyzed by computer to 
help determine the potential for solar en- 
ergy in this area 
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Other agencies have contracted the 
use of the Soence Center's computer for 
analysts of research data The American 
Radio Relay League conducted a study 
of Its members (amateur radio operators) 
to determine their interests, activities, 
and purchases related to ham radio Over 
3000 responses to the questionnaire 
were received, and analyzed at the ceri- 
ter by '^.e PDP-1 1 The PDP-1 1 is used 
for most of the research because of the 
large capacity of its two hard disk drives 
\2 4 megabytes of information oer disk) 

Administrative Applications 

There also are administrative uses for the 
computers The mailing list for the cen- 
ter s news bulletins has been computer- 
ized This certainly speeds up prepara- 
tion of address labels It also enables 
selected notices to be sent to specific 
people, such as elementary school prin- 
cipals or science department chairper- 
sons The computer is also being used to 
keep track of the center s inventory of 
materials Danietson is working on a staff 
scheduling module, which should allevi- 
ate some of the problems involved in the 
complicated process of matching school 
needs, staff abilities, and Science Center 
resources These administrative applica- 
tions are run for the most part at times 
when students are not using the comput- 
ers 

The Future 

What about the future'^ The Talcott 
Mountain Science Center is always ex- 
Dionng new areas of science education 
Because personal computers are be- 
coming more popular, the center is likely 
to offer evening classes on the use of 
microcomputers and how to program in 



BASIC There may also be classes in dig- 
ital logic for those interested in hardware 
experimentation 

Since many public schools are also 
buying microcomputers, the center will be 
providing special training courses for 
teachers to learn how to use computers 
This will include demonstrations of the 
computer's applications in science edu- 
cation Most of the science related pro- 
grams developed at the center can be 
used in other schools, even if they do not 
have the extensive resources available at 
the center 

Some hardware acquisitions are Iwely 
A light pen, bit pad, or other graphic input 
device would facilitate the use of Apple 
graphics The Apple's existing 1 6 kilobyte 
capacity of programmable memory is 
inadequate for some applications, so an- 
other memory card will probably be pur- 
chased to expand capacity to 32 kilo- 
bytes Since a number of the center's 
instruments are analog devices, analog- 
to-digital (AD) converters are needed to 
interface these instruments with either 
the PDP-11 or the Apple 11 (Analog refers 
to continuous change, such as a moving 
second hand on a clock Digital refers to 
counting by specific numerical incre- 
ments, such as the changing time in digi- 
tal watch displays Most computers can 
process data only in digital form ) The 
center may also explore the use of 
speech generation and speech recogni- 
tion devices 

The most important aspect of im- 
proving the educational uses of the com- 
puters 'S new software Some programs 
will be purchased, pspecially since the 
boom in microcomputer use ss motivating 
software companies to make available 
more programs However it has been the 
Science Center s experience that pro- 



grams applicable to its needs are best 
developed by the staff 

Bob Judd, head of the ham radio sta- 
tion, IS writing a program to use the Apple 
U s speaker for a Morse code dnll Anoth- 
er staff member is writing a program to 
display various electronic circuits and a 
chart of calculated values at different 
points in the circuits. This is in response 
to some student confusion related to volt- 
age and current in circuits Staff mem- 
bers are also working on a program to 
plot data from weather stations on a 
computer-generated map of the United 
States (based on map generation pro- 
grams in BYTE magazine. May and June 
1979) The computer has even been pro- 
grammed to perform magic, as part of an 
evening course on "Science and Magic" 
[See "Magic for Your Micro" in the Fall 
1979 onComputing ed] 

The computer is definitely having an 
impact on science education At the Tal- 
cott Mountain Science Center, comput- 
ers have been used for ten years, and 
have become an integral part of the way 
science is taught The computer is a pow- 
erful, multipurpose tool that expands the 
intellectual reach ^. both students and 
teachers To quote Dr LaSalle, "The ba- 
sic philosophy of the Science Center is to 
involve students in scientific exploration 
We have found the computer to be an 
essential tool in this exploration " 



Dan Barstow was a teacher at the Talcott 
Mountain Science Center A fluent 
speaker of Spanish, he currently is 
Project Director for a bilingual gifted and 
talented program in Hartford He also 
masquerades as Merlyn the magician, 
performing feats of prestidigitation 



Computeronics: A Course in Computer Literacy 

PRISTEN BIRD 



Computer education is now considered a 
pnonty in education for all students, es- 
pecially for the gifted arvj talented The 
National Council of Teachers of Mathe- 
matics surveyed educators, parents, and 
community members to determine prior- 
ities for school mathematics in the 
1 980's The majonty said that the curricu- 
lum should emphasize problem solving, 
while 90% said that the types of problems 
taught should be those that can be solved 
by computer Development of computer 
literacy was outranked only by mathe- 
matical applications. This emphasis is 
particularly pertinent for the 2.5 million 
gifted and talented students In the United 
States. In addition, the increasing avail- 
ability of computer^-~particularly of mi- 
crocomputers — in homes and schools is 
er^couraging educators to find ways of 
maximizing their use in the classroom. 

In 1974, the Gifted Child Project in Tal- 
lahassee, Florida, was federally funded 
by an ESEA Title IV-C grant to create 
innovative instruction Between mid-1974 
and 1981. the Gifted Child Project devel- 
oped two courses for gifted and high 
achieving sixth and seventh grade 
students— Thinkology and Computeron- 
ics This article will focus on the Comput- 
eronics program 

Computeronics was developed to pro- 
vide students with a perspective about 
computers— to learn a simple program- 
ming language, to use computers to 
solve problems, and to have an accurate 
conception of the role of computers within 
their lives and in society in general Fully 
evaluated, federally supported, and ap- 
proved by the US Office of Education, 
Computeronici: is a 35 to 40 hour course 
in computer programmir>g, problem solv- 
ing, and literacy To meet the goals of Ihe 
project, the course was divided into two 
modules Problem Solving with Comput- 
ers and Computers in Society 

Problem Solving with Computers 

This module consists of approximately 24 
^iirs of class time Students learn a 
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computer langauge, how to write pro- 
grams, and how to use the computer as a 
problem solving tool, BASIC was chosen 
as the language because it is easy to 
learn and is also widely used. Therefore, 
the course is easily adaptable to many 
different computer systems. 

Students use the computer to apply 
their programming skills in solving word 
problems They spend as much as 80% 
of their time reading, completing activ- 
ities, and writing computer programs at 
their desks or at typewriters. The remain- 
ing time .s spent in hands-on activities at 
the computer. 

Sidetnps, a book of over 40 brain 
teasers and problems, provides addi- 
tional activities for students who finish 
early The activities require that students 
apply their programming skills to problem 
situations. Students first determine if a 
computer is needed to solve the problem, 
then they go on to devise solutions A 
given program may need debugging or 
may require skills in graphics which stc- 
denis have not yet learned. Or, students 
may be asked to study and decode a pro- 
gram to determine its purpose 



Computers In Society 

The goals of this module focus on infor- 
mation rather than on skills Students 
learn about the history of computers, their 
present and future uses, and computer- 
related careers. Computer View, the stu- 
dent text, employs a magazine format 
that includes articles, photographs, ad- 
vertisements, puzzles, a glossary, and a 
feature section on computer history This 
module consists of aoproximately 15 
hours of class time. 

Computeronics was developed ty 
leachers, instructional designers, com- 
puterexperts, and students From the be- 
ginning, students pilot tested the mate- 
rials They practiced skills, took mastery 
tests, and checked their work, and, if suc- 
cessful, continued If not, they tried a sec- 
ond version of the mastery test The mas- 
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tery approach remains an essential part 
of the course. 

Teacher Roles and Training 

The management system built into stu- 
dent lesson books, activities, and mas- 
tery answer book allows students to 
move at their own pace. Teachers can be 
directive, facilitative, or both. One teacher 
commented, "My summer school class 
contains fifth through twelfth graders. 
They're all working at rlifferent levels, but 
they can move through the course Some 
need almost no help; others require a tot 
of my support " 

To adopt the course, teachers need the 
teacher materials and two days of In- 
service training They are trained to use 
the course as teachers and as students. 
They work through the lessons and activ- 
ities, experiencing the joys and frustra- 
tions of a successful RUN or a nagging 
^Syntax Error," After completing the In- 
service, one teacher remarked, "I figured 
if my sixth graders can learn this, I can 
too. I was exhausted afterwards, but I 
walked about three inches off the 
ground," 

Conclusion 

As of mid-1981, Computeronics is the 
only computer project tha» is officially ap- 
proved by the US Office of Education to 
join the National Diffusion Network. The 
purpose of the Network is to support the 
distribution of projects that have proven 
their effectiveness Computeronics will 
continue to provide three important ser- 
vices (a) inservice training for teachers, 
(b) cost-effective matenals, and (c) assis- 
tance to schools to meet local needs and 
state/federai mandates 



For more information about Comput* 
eronics contact Pnsten Bird, Director, 
Gifted Child Project, 2757 W. Pensacola 
Street. Tallahassee, Florida 32304 
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5 Getting Started 



A school, a distnct, or a state may be convinced that computers are needed in the system but no one is 
really sure how to wiect appropriate equipment, detemiine an adequate budget, or evaluate the needs 
of the children and teaching st:^ff . The articles in this section describe some possible approaches. 

In Bringing Microcomputers Into Schools, George Ropes and Henry Gaylord discuss how to get 
funding, where to look for software, what equipment to buy, and how to start a microcomputer cu-'hculum. 

StatBwidB Educational Computer Systems: The Many Considerations by Kevin H? . , .ann describes 
the Minnesota Educational Computing Consortium's plan for statewide support and acquisition for educa- 
tional microcomouters A list of microcomputer systems and minimum specifications used to evaluate 
them IS included. 

There are many questions a school system must ask when it first beings to i insider the purchase of 
a small computer. In Van Helps Schools Select the Right Computer, Betsy Sta; provides a systematic 
approach to evaluating needs. The Pennsylvania Department of Education r\v equipped a van witn , 
array cf audiovisual paraphernalia and a media specialist. The van travels ^round the state helping 
districts evaluate their needs. A sample checklist and a series of 17 questions to ask about a computer 
are included 




5,^ 
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Bringing Microcomputers 
Into Schools 



How to get funding and where to look for software, what equipment to buy, how to start a 
microcomputer curriculum? These are some of the questions addressed in this article. 



George Ropes 
Henry Gay lord 
Box 533 

Gofdens Bridge NY 10526 



Schools are on *he threshold of the 
T)icrocomputer age Not only high 
schools, but also junior highs und elemen- 
tary schools can share m the many benefits 
microcompijters bring to education Educa- 
tors are asking what they can do, what they 
should do. to make microcomputing capac- 
ity available to their students This article 
provides the information and procedures 
educators need to leave "ground zero" and 
jOin the ranks of those who have already 
found how much a few microcomputers, or 
even a single micro mean to a school 

Ot>l«CtlVM 

Jhoae who have worked with microcom- 
puters are strongly of the opinion that no 
other single piece of equipment can do as 
much for education The nearly unanimous 
conclusion is that micros motivate stu- 
dents to a remarkable extent 

They are unexcelled at teaching logical 
thinking They provide frequent opportuni- 
ties for students to demonstrate their cre- 
ativity They are valuable in all curricular 
areas, not just m mathematics They pro- 
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vide effective, individualized review and 
practice, with immediate feedback on per- 
formance Learning about microcomputers 
and how to use them may be the most valu- 
able part of a student's schooling 

A school contemplating a microcomput- 
er program should set its sights on accom 
plishing at least onfe of the following goals 
Increasing students' cor iputer literacy 
Teaching students to write programs 
Providing opportunities for learning through 

simulations and games 
Teaching subject matter, such ss mathe- 
matics, science, social studies 
Building skills in vocabulary, spelling, com- 
putation, shape recognition 
Drill and practice •^n basics 

The broader the scope and objectives 
you have in mind, the more thorough the 
preparations and training should be Once 
you have an idea of the direction to take, 
two considerations have priority sources of 
funds and choice of microcomputer 

Obtaining Funding 

Schools have found a number of different 
answers to the problem of funding Some 
boards of education have put money for mi- 
crocomputers into their budgets Some 
school districts have applied for and ob- 
tained federal grants under Title IV-C sec- 
tions authorizing funds for career framing 
or for gifted and talented students Others 
have convinced the local Parent-Teacher 
ociatiof to appropriate money for one 
0 nore microcomputers When the cost-ef- 
fectiveness of a microcomputer is com- 
pared to that of a color television, videotape 
equipment or even to a district's service 
vehicles, funding problems are seen in bet- 
ter perspective 



Choice of Equipment 

Deciding on which microcomputer or mi- 
crocomputers to purchase is important, but 
not necessarily critical There are differ- 
ences between micros as there are between 
automobiles, but with each of the popular 
makes you can expect years of dependable 
service 

You shouldn't put off purchasing a micro 
in the hope that a sharp price decrease is 
just around the corner Few people be'ieve 
that microcompu|er prices will come down 
the way calculator prices fell over the last 
few years You can expect the next round of 
microcomputer models to have greater ca- 
pabilities at or near current prices If you 
want your students to start getting to know 
and use micros, the time to begin is now' 

For most schools, v»d feel that decisions 
on equipment should favorthe solution that 
accommodates the largest number of stu- 
dents The experience of sitting down at the 
keyboard and operating the microcomputer 
IS crucial to learning 

We recommend that you have at least 8K 
(approximately 8000 characters) of address- 
able memory. You will do well to have a rela- 
tively full version of BASIC, the language 
used by virtually every microcomputer You*" 
micro should be able to handle decimal 
numbers, not jjst integers Choose color 
capability if programs involving designs 
and patterns are important to you 

Current (April 1980) prices for the three 
best selling models are approximately as 
follows 

$850— Radio Shack TRS-80 Level II 16K 
(The TRS-80 Level I 4K costs $499 If this is 
the only one you can afford, plan to spend 
$250 to $350 to upgrade it to Level II ) 
$530— Commodore PET 8K (Based on cur- 
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rent 3 offer to schools ^'o tape 
recorder mcluded ) 

$1196- Apple II ^ith Integer BASIC Of Ap 
plesoft BASIC ibK iNo idpf* f order or 
monitor included ) 

Check out the micros available at nearby 
outlets Check on the experience of other 
schools in your vicinity A kno\\iedgeabie 
and interested person at a ocal store can 
be a valuable aid to your microcomputing 
program 

iMrning the La-^guage 

Afte. conbiOermg funding and the micro 
computer model you should examine how 
to use the microcomputer(S) in your school 
At least one person should be famihar with 
the BASIC language which consists of 
about 30 words, a dozen symbols two 
dozen functions punctuation marks and a 
few rules for A'-tsng statements 

Mastery of BASIC takes lots of time and 
practtce However the ability to write a sim 
pie program m BASIC or to understand un 
complicated programs written by others 
can be acquired relatively quickly Knowl 
edge of BASIC is valuable for introducing 
the language to students and making minor 
modifications m commercially available 
programs It is often useful to change a pro 
gfa^ so it ' : easier more difficult or more 
appropriate for a given student or group of 
stL.dents 

If someoop in your school already knows 
BASIC you re weM on your way to micro- 
computer capability However there are mi 
nor differences between BASIC as imple 
mented on time sharing terminals and the 
BASIC of microcomputers, as wet! as be- 
t;veen the versions of BASIC on various 
makes of microcomputers 

Startup and editing procedures differ 
slightly also Some ^unctions are called by 
different names the ENTER key on one ma 
chine might be RETURN on a other Gener 
ally a iittle practice and a ^ew references to 
the manual are all it takes to saiooth the 
transition 

To .earn BASIC ^rom scratch is not a 
mountainous undertaking First you mus* 
obta.n a good manual The best manual on 
thp market is BASIC Computer Languagp 
by David A Lien It is published by Radio 
Shack an*"* applies specifically to the ver 
s.on BASIC used on the TRS 80 Level 1 
version of BASIC does not include 
^rjrne c,f the commands and statements 
^ou-^d ip the Level li version of BASIC How 
eve"' -n 3 separate volume Learning Level li 
■Cr^r^'fluSO** P'.D.iShingi !ne author :.ro 
vid*=s at' the changes—- 'me by line and oaqe 
D/ page to ronvprt the earlier manual into 
one t^at teaches /ou Level M BASIC on the 
TRS 80 

Q you are usmg a PET microcomputer 
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get Hands on BASIC with a PET by Herbert 
D Peckham McGraw Hill For those using 
BASIC on an Apple II computer, the manu 
facturer's Apple BASIC Programming M^n 
ual IS the answer 

But whatever microcomputer you have 
and whatever manual you use best results 
come from sitting down at the computer 
and working th'ough the material page by 
page Just as in most other learning experi 
ences you learn fastest and best by doing 
This IS not to denigrate courses that teach 
computer programming 

We have taught hundreds of students of 
all ages and have found that the greatest 
amount of learning takes place when a 
student practices what he learns on the 
computer in the days between class meet 
ings Fortuna^ply for teachers microcom 
puters are portable fhey can be easily 
transported from classroom to c'assroom 
or taken home 

Does every teacher at a school need to 
know BASIC? Certainly not The more who 
do learn BASIC the better but microcom 
puter use can be extensive in classrooms 



finished 

Programs on cassette tapes are referred 
to as software The amount of software 
available for use m schools is growing, new 
tapes are coming on the market every 
month Unfortunately program quality 
vanes, some tapes contain programs that 
are excellent, some are fair, some poor It is 
not easy to get responsible opinions about 
software in advance of purchase 

Among the typc^ of educational pro 
grams available are 
Demonstrations of math processes 
IQ building with synon ms, antonyms 
Work with foreign languages 
Spelling, vocabulary 
Games requiring logical thmkmg 
Simulations 

Recognition of shapes letters 
Arithmetic drill and practice 
Graphic designs 

From time to time, this magazine and 
others tn the field publish programs that 
can be used or adapted for use in schools It 
pays to keep abreast of developments by 
subscribing to two or three of the leading 



Cfativ Computmg, Box 7aO-M, Morri»town NJ 07900 
Hay<j«i Bobfc C<t , MTEtMx St . nocTMHc Park NJ 07002 
Instant So«twv«, tnc , Patartwrouoh NH 03456 
Micro LatfnlnQwsr*. Box 2l34. M«nMKo MN 50001 

Minntiota Edtjc«tk>nal Computing Conaortlum, 2520 Broadway Dr , LaiKterdata MN 5511 3 
Nattoral Coordtnattnt^ Canttr tor nufricuhim Owalopmant. Stata UntvarsHy at Stony Brook. Stony Brook NY 
11794, 

Program Oaslgn. Inc , it Mar Court, Qraanwtch CT 00630 

Progrwnma tntamaUonaJ, Inc ,3400 Wilahlra Blvd.. Loa Angatta CA 90010 

Tha Program Stora, 4200 Wlatonain Ava . N W., Washington 20010 

Ouaua. 5 Chapai Httt Dr , FaMWd CT 00432 

Radio Shack (contact naaraat ttora^ 

Softwara Exchanga, 0 Souttv Straat, Mittord NH 03055 

TBbiB 1. Sources of cassette tapes in the educatlonat field 



where teachers know nothing of the Ian 
guage 

Every teacher must know how to operate 
the microcomputer and how to load pro 
grams into it from cassette tapes tnCiden 
tally the teacher need never fear that micro 
computers will eventually take over the 
Classroom Actually, the more computers 
the more important the teacher becom*=^s 

Programs on Cassettes 

You can connect each microcomputer to 
a standard cassette player which is used to 
provide long-term storageof programs The 
process of entering programs via the cas 
sette player is comparable in difficulty to 
running a film projector After a fe»w 
minutes instruction and an hoyr s prat.tu 
the task becomes routine It involves posi 
tiotung the tape to the start of a particijlar 
program typing a load' command on tne 
keyboard playing the cassette and waiting 
until the computer indicates that loading is 

O 4 



periodicals The computer departments of a 
few universities have started to make avail 
able information about educational pro 
grams at all levels as have education de 
partments m a few states 

Table 1 lists companies and organi^a 
tions that distribute educational software 
The listing is representative only, it does 
not purport to include every company that 
offers programs you might use 

Be sure any programs you order are for 
your particular microcomputer Programs 
are not interchangeable between makes of 
computers A TRS 80 Level I program can 
not he used on Level II SifTiiiarly programs 
for Apple II with Integer BASiC don t work 
on Apple II with Applesoft BASIC 

The demand for educationally based mt 
crocomputor programs is such that new 
programs originated at your srhool may be 
useful 10 many other sr^huul systems 
Someone on your staff - nr among your stu 
dents -may develop better programs than 



somd tnu8« that exist today 
Utillzatkm 

Gjven a school with one or more micro 
computers given one or more teachers who 
know BASIC and given a set of good pro 
grams what is the best way to deploy these 
resources'' How is capability transferred in 
to day to-day operation'? There are several 
possible procedures 

Microcomputers may be placed in a giver 
location where Classes can be scheduled 
for specific computer programming les 
sons Inoividuais can come to that location 
for specified periods of time, usually on a 
sign up in advance bas^s 

Must someone be present at ail times to 
C/upervise students^ Some scnools ha^'e 
made arrangements for such supervision 
but many have found it unnecessary Micro 
computers are relatively foolproof Pro 
vided no more *f^an two students are as 



Signed to one micro at one time, experience 
has shown that they work well by them 
selves 

Another common procedure is to use an 
audjovisual cart to move a microcomputer 
frorp room to room on a scheduled basis 
This allows the teachc to use the computer 
to demonstrate a-given lesson or to assign 
students 10 or 15 minutes each on the com- 
puter Different students can work with dif 
terent programs Students, even as young 
as second-graders, quickly learn how to in 
sert and run tapes 

A network controller for the TRS-80 di- 
rects the loading of prOgra""-; into as many 
as 16 microcomputers in a smgle class- 
room Such a setup permits working with a 
Class as a unit and also lets each class 
member interact individually 

Junior high and elementary schools have 
to'ind it advantageous to have a knowl 
edgeable high scl-iOOi student work with 



their students The high school student can 
teach BASIC or act as a resource person for 
a computer club" Parents with some 
background in computing can be of assis- 
tance at all levels Information on special 
programs or counsel on long-range objec- 
tives may often be obtained from a consul- 
tant in the field 

The Future 

Each school needs to work out the proce- 
dure or combination of procedures for mi 
crocomputer implementation that best 
suits its particular needs Whatever the 
neeas are today, it is safe to predict that 
they Will be different and greater tomorrow 
The numbers of students who areturned on 
by microcomputing will convince you to get 
more mcros and expand yo'Jr program until 
the majority of students acquire the com- 
puter cdpabi ity that will virtually be a sine 
qua non *c life in the 21st century ■ 




This article describes the Mlnne-| 
sota Educational Computing Consor- 
tium's (MECC) plan for statewide I 
support and acquisition for educa-I 
tional microcomputers and focuses 
on the need, development and imple-l 
mentation of apian. 

Although the utilization of micro- 
computers In education Is relatively 
new, within the next few years we can 
expect an exponential increase m the 
number of microcomputers sOld to 
educational Institutions. The growth 
is being spawned by a number of 
factors including the decreasing cost 
of microcomputers coupled with their 
increasing capabilities and the rapid 
growth of their use in a vari'ity of 
fields throughout the country. An- 
other important factor Is the micro- 
computers' independence from a 
mainframe system which increases 
its portability and eliminates many 
communications-related problems, 
as well as the elimination of the 

Ktvin Hautmani\ inttructtonal Coordinator, 
Minnatota Educational Computing Consor- 
tium, 2520 ero^d way Or , St Paul, MN 551 13 
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"limiting rules'* needed on central 
systems. 

The potential of microcomputer 
applications' has attracted the atten- 
tion of hundreds of vendors ranging 
from garage hobbyists to major 
mainframe companies as evidenced 
by the attendee's at personal 
computing fairs and National Com- 

Microcomputors wlii also 
follow the paths of other 
new technologies, mean- 
ing, many of the current 
microcomputer manufac- 
turers may go out of 
business within a year or 
so, 

puting Conferences. The resulting 
number of different systems makes It 
very difficult to stay abreast of current 
developments. Microcomputers will 
also follow the paths of other new 
technologies, meaning, many of the 
current microcomputer manufac- 
turers may go out of business within a 
year or so, making it very important 
for microcomputer purchasers to be 
aware of manufacturer and vendor 
stability. ^ 

5U 



Many educators view the micro- 
computer as a panacea for a variety of 
educational ills resulting in expecta- 
tions which are greater than system 
capabilities. In many cases, the use 
of systems will be impeded by a lack 
of hardware or software features. In 
addition, applications software de* 
veiopment and instructional support 
will not keep pace with the Initial 
movement to microcomputer usage. 

In order to meet the needs and 
address the problems defined above, 
MECC set up a special task force to 
accomplish thefollowing : 

1. To conduct a survey for as- 
sessing the current and future 
microcompiJta'' uses and 
needs of MECC users. 

2. To determine the strengths and 
weaknesses of microcomputer 
utilization in various Instruc- 
tional computing modes and 
environments. 

3. To provide demonstrations of 
microcomputer use for in- 
structional . urposes. 

4. To coordinate and disseminate 
information regarding pilot 
prograrrs using microcom- 
puters 

5. To prepare recommendations 
regarding the potential for 
large scale acquisition and 
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statewide, con't... 

Utilization of microcomputers 
and the appropriate roles and 
responsibilities for MECC 
To begin addressing these objec- 
tives, the task force divided the tasks 
into three components, hardware, 
systems software, and applications 
software Several Minnesota vendors 
were contacted and asked to supply 
systems for examination, evaluation 
and experimentation Fourteen sys- 
tems were evaluated by the task force 

Microcomputer Systems Evaluated 

ALTAIR ATTACHE 
ALTAIR 88-1301 
ALTAIR MULTI-USER 
ASTRAL 2000 
IMSAIVDF -80/1000 
NCR 7200 
OLIVETTI P6060 
PET 2001 

POLYMORPAICS8813 
PPOCESSOP-TFCHSOL 
RADIO SHACK TRS-80 
APPLE II (Integer BASIC) 
TEKTRONIX 4051 
TERAKRT-11 

a starting point, the task force 
de*'necl a ' minimal educational 
system " The minimal educattonal 
system must have 

a) A microprocessor 

b) |/Odevice<s) The system must 
include an ASCII keyboard and 
printer and /or monitor 

C) A permanent file storage de- 
vtce This can be of the form 
floppy disk, hard disk etc 

d) A vendor supplied operating 
system 

e) The BASIC programmm*^ lan- 
guage must be supported 

f) At least 12K of user memory 
must be available This ex- 
cludes memory space required 
for the operating system and 
the language processor(s) 

g) Ail components, software and 
hardware must be docu- 
mented This must include in- 
structions on the operating 
system, a language manual 
and setup and mamtenance in- 
structions of the system 

Only those systems which met 
these specif icat'ons were consi- 
dered This definition also helped 
vendors identify which features are 
required m a system for educational 
purposes 

In looking at software features 
the task force considered both 
whether or not a system had a partic- 
ulaf feature as well as how important 
that featuie was to uuers Over fifty 
software features w^re identified and 
^^«sified as to importance for two 
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types of usage: Computer Science/ 
programming and applications/pro- 
gramming. 

The computer science^program- 
mmg classification was defmed as 
the use of a microcomputer system to 
meet the needs of secondary and 
post-secondary computer science 
instruction involving such topics as 
advanced programming, operating 
systems, compilers and assembly 
languages. This is a system used pri- 
marily by those who are interested in 
studying the computer system itself, 
therefore software flexibility is 
important 

The applications / programming 
classification includes using the 

The appHcations/program- 
ming classification in- 
cludes using the micro- 
computer for running ap- 
plication programs as well 
as writing and running 
simple BASIC programs 
for problem solving in 
eiamentary and secondary 
schools, 

microcomputer for running applica- 
tion programs as well as writing and 
running simple BASIC programs for 
problem solving in elementary and 
secondary schools This mode re- 
quires the capability to run programs 
which generally range from8 to32K m 
core requirements Since this system 
would also be used to run programs 
similar tothe library programs on the 
existing tirneshare system, down- 
loading capability is highly desirable, 
if not essential 

In trying to evaluate microcom- 
puters agamst these classifications 
of use. each feat u re was given a rating 
of essential, desirab'e, or not neces- 
sary for the two classifications as 
def red above Each microcomputer 
was given a yes or no score on each 
software feature By combining the 
importance scores with the yes-no 
scores. It was possible to give each 
microcomputer a software feature 
score for both classifications of use 

Since BASIC is the most often 
used language the task force also 
attempted to evaluate the microcom- 
puter's BASIC language features and 
capabilities which they deemed im- 
portant Test scripts were prepared 
and run on each of the fourtef^n 
systems 

fen scripts were prepared The 
scripts were divided into two cata 
gories. those that tested BASIC Ian- 



guage features, and those which 
tested performance BASIC features 
scripts included sequential file hand- 
ling, random access file handling, 
chaining, time function, string func- 
tions, matrix operations, and format- 
ted output. The BASIC performance 
scripts included time required to 
complete computation (calculate 
number of primes from 1 to 2000), 
number of mathematical functions 
available; and time required to 
generate and sort 100 numbers. 

In looking at hardware, some 40 
features were defined and each 
system was rated against these. 
Some of the typical features included 
were: K-bytes of RAM, ROM, or 
PROM; available user memory; chip 
type; add time; availability of RS*232 
interface and a real-time clock. 

In addition to working with 
vendors, the task force evaluation of 
systems included a user survey which 
was developed and administered to 
teachers in the state who were ueing 
microcomputers m their classes. 
Questions dealt with types of usage, 
features of the microcomputers 
which were particularly desirable, and 
problems which were encountered 
with their systems The major weak- 
nesses of microcomputer systems 
currently in use seems to be the avail- 
ability of CAI languages, ability to 
perform repetitive calculations, and 
the storage and movement of large 
data files However, the majority of 
instructional computing can be ac> 
complished quite well using micro- 
computers 

The major wealcnesses of 
microcomputer systems 
currentiy in use seems to 
i3e the avaiiabiiity of CAI 
ianguages, ability to per- 
form repetitive calcula- 
tions, and the storage and 
movement of large data 
files, 

Once done with defining needs, 
collecting data on microcomputer 
systems, and surveying current 
microcomputer users the task force 
made the following recommenda- 
tions regarding microcomputers 
#1 StateContract 

One specific microcomputer 
system should be available to 
ali Minnesota educationally- 
related aqeru, 'es through a 
state contract 
#2 Support 

Instructiondl service support 
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statewide, con't... 

for selected mtcrocomputers 
should be defined and in- 
creased to the same level as is 
currently available for large 
timeshare systems 
#3 Microcomputer Technology 
MECC should continue to 
analyze and evaluate micro- 
computer hardware and soft- 
ware technology, and dissemi- 
nate information to the Minne- 
sota educational community 
On October 15. 1978, MECC and 
APPLE Computer. Inc signed a con- 
tract for APPLE S 32K, disc-based 
Applesoft microcomputer system 

Educational computing 
service agencies must de- 
velop plans early if they are 
to cope with the fast- 
growing microcomputer 
in dustry. _ 

MECC anticipates aDout 400-500 
units to be sold by APPLE through 
MECC to educational users m Mmne- 
sotadurmg thecurrent year 

Educational computing service 
agencies mus develop plans early \f 



they are to cope with the fast-growing 
microcomputer industry There is 
absolutely no indication of this 
growth trend slowing down The fear 
that serviceagencies will no longer be 
needed is totally unfounded Users 
will still need the software support 
that they have in the past However, 
serviceagencies will h£ve to redefine 
what they call "service" or "support " 
There are four major areas of micro- 
computer support that must be con- 
sidered 

1 Purchase, installation, main- 
tenance, and documentation of 
the system 

2 Training in system operations, 
use of application packages 



MECC 

The M.-^nesota £rtuca!'0»ia! Computing 
u -^sr.ft.uTi iMECCi ^as cfcaJcd m i972 out of 
jrre'n vi Tie govefnof and legislature* i^at 
e0i^"«*i'O'iai cor^puting needed a c entrai iow-o 
,;f (;<.'rl'n^{.on tor P'anp>ng and a Tiec^an.ym 

o ^'i^'C t^a' aii eaucat'onai mstiiut on^ '^e 
siaif ^ouid haveeauai opportun ty nf acces? to 
I i-rT-cu».ng services bot^ instruclioaal a^^d 
dO'""n.s!fai've prograrns Consofti^ifr s 

T>en~be'sh p includes 'Me U-^'vefSity o< M.nne 
s>^'a campuses* The Mu:nesota Stat^ Un 
^^.fi,,?^ t,,iprn (7 carr^P'jSeS* Mmneso'a 
L-'^'^uni'y uvt>ege SyStf 1 (iB<-arTipuses) t^t 
M' r>eso^a Df'pan'^ent Education irepre 
ser ' '-g t^e s'ate s 436 .ndep*»'^'ipn' -s- hr.ui 

-t 5" a"Ci t^e M nnt .-.'a DepaMm*»nt 

Av* ^ ^■S"ati_;n MtnnHSCta i-i i^e u"l, s'atp " 

'^e ' 'jw-^'Y nav.nq a r^nt-a' jcqs^ /aiio'- • >f 
-lai ng edu.at'f,nd' c^t-' S 3l' vi|.f»s 
" s5 a e*e'S ' ed^j at 



and programming lar^guages. 
3, Acquisition, conversion, de- 
velopment, maintenance, doc- 
umentation and dissemination 
of applications packages. 
4 Response to questions, prob- 
lems, and requests regarding 
microcomputers. 
It IS hoped that the comments 
related here will be of help to agencies 
faced with the problem of servicing 
microcomputers 

Note A task force report was printed by MECC. 
and contains the Task Force research, evalua- 
tion, recommendation and the Invitation for Bid 
for microcomputer systems A second revision 
of this report wiU be available soon Contact 
MECC, 2520 Broadway Drive, Lauderdale. 
Minnesota 551 1 3 for more information 



offers a variety of services to consortium 
niembers A lechnical staff operates the largest 
o* Minnesota s comtputers dedicated to m i 
struct onai computmg a Control Oata CYBER \ 
73 t, me scaring system The MECC Ttmeshare i 
System ,s current/y configured 'or 375 user j 
ports and serve* about I'OO interactive | 
terrn.nais located in schools and colleges . 
ac'oss the state A targe multiplexing com- | 
munications r.elworh provides the route by 
whic*^ MECC users access the Timeshare 
SfSteTi wnethff they are a few miles from the ' 
Mio eapofts S\ Paul computer center or hun 
, reds fit m esawa near the C-">aHa" borr^e' ' 
The MECC User Services staff o' instructional i 
fj raiors heips users learn !o make better t 
■j^e of the roT-puter by vis'tmg scnooi and ■ 
^Ji'ege ^ 'rs conducting wurKsh(jps pro 
V 1'ng over the p^Qne ronsulfing serv.' e 
t)U^ i^hi'ig newsletters and p'odu' mg wfi'ten , 
]i r.j-Tipi tat'O'' 'or proQfarr*) <r "'i*' MECC > 
T es^a'p SvsteT- s re'Mrj -b'sry 
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Van Help/ /chool/ /elect The Right Computer 



Betsy Staples 



Which Is the best cim\puicr* Which 
M)U\*jrc shi)uld we buv ' What can 
dcludlK di) with a Lornputcf * Hov^ cjn v\c 
icdch people lo Use it * W hu will h\ it when 
It breaks* 

These are onU a teu o! the queslion^ 
ihdi Ct)ntroni a school svstfiii uhen i> tirsi 
begins to consider the purchase ot a small 
^.tJiiiputcr Of cMHipuiers h)r Us^room u^t^ 
Sonietinu's the questions aic never 
answered adequateiv Sometimes teachers 
and students are untiappv v-'.th computer 
hardv^are and M)ttv^are ^.tioscn m 4 
haphazard tdshion 

What scenis to be needed is ti 
svstematic approach to the seledion ol 
hardwaie and >oltware tor classroom use 
The Pennsvlvania l)epartnient ot I diJ».a- 
tiun otters )usi such an approac h to almost 
500 schools m the C ommonv^eaith in the 
torm ot the Multi Media 1 raimng Van a 
vehicle v^hich provides mlormaiion and 
irainmg in evervihing from v^riiin^ to 
photographv to computers I he van 
slatted bv Media Specialist Shiriev 
Douglas travels aMiund the state visumg 
various school districts v^hith have 
requested its services I he project is 
*.urrentlv a joint ettort ot the Pennsv Iva nia 
Department ot \ due at ion and a I itle I \ -C 
protect dl the ( olonial Nt>rthampton 
Intermediate I nit Na/areth P A I he 
program is coordinated through the state n 
Intermediate I nit Instructional Materials 
Service department 

In addition to the normal arrav ol 
audR»-wsual paraphernalia the trail', ng 
van cdrr.cs a Bell and Hi)v\Lil Apple a 1 I 
99 4 and a IRS-HO W hen a sc hooi sv stem 
decides to investigate (he beneiits ot 
computers in the classri>or!, leatheis and 
adnisntsirators mav request copies ol **A 
(fuid- to Microcomputers" and "A (nmle 
to Instructional M il rocomputer Sott- 
ware ' both compiled bv Ms Douglas and 
(larv Neighls ( o«»rilmjJor ol the Instruc- 
tional Materials Service Programs in the 
state I hese booklets piovidt intorniation 
on eomputtr hteracv and gufdan^e in 
developing purchase interii 

I he district mav aNo request ont ot 
the "ln-Nervi,e Pr.igratiis ' viticied hv 
Shirlev in the van Mei introducttjrv haM- 



dav eourse ss entitled "Mieroeompuicr> 
and assists participant^ ii' developing the 
I ritena and purchase spec it ic at ions 
meniK)ned m the booklets It otteis hand>- 
on e\perienee as vvci! as discusMon and 
demonstrations 

in "\ (juulc to Miciocompuiers " 
pn) s peel I V e p u rc ha se rs a i c urged to 
.deiititv the specilic uses to \\hieh the ne\\ 
vmputei will be put A list ot 'Pi o|^'«^i^'^^ 
\ ses" (higure h serves as a guide tiurmg 
this imiuil phase ot the seleeiion pT■Kes^ 



Once the uses have been detincd, the 
people v^h'o v^ill use the machine are asked 
to consider such criteria as cost. (lexibiUts, 
maintrame interlace kevboard la>out, 
execution and loading speed, memorv 
capabtlitv !»\siem ei^pansion and many 
others A tallv sheet lists 17 of these 
criteria, the prospective user assigns a 
number beiv^een one and ten to indicate 
how important he or she considers each 
teature It the school plans to use the 
computer in more than one area, or for 
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initially ilKtKrmint cvirrlculo* •rK«« of u«e and .o««lble other ust'i 



Su bj t Atf a» 
k4f r> 

no iai ^Liidit h 
-e* Its 

indufltrlai arts 

Tt 4ci Init 
languigv arts 
forrign 1 anguajir 
bui 1 n?!*b «(lur ar ion 
phyiical edu( at ion 
other 



Oeh«r Uag« 

guidance 

library scleme 

■rdia 

mandLgeaffit 

coaq»iter literacy 

other 



If the alcrot o«pu£er ia to be uaed a» an inat rut t iona I f^ool '1 r 
math, art, aimic, etc ) the next »tep ia to determine the «i' rn- 
niaputer'a utiliiation by erie cl*aaroo« teacher end the atudmt 



C 1 aaarooB Teacher Aypllt-a tion 
cur ricu lua 

(aubject area teaching) 

cojaputer operation ^nd 
programing 

o«(>uter llteratv 
inatruct lon 



f laa«r(><j» •*r«ge«enr 
(t««th«r'« record keeping; 



S t udent App 1 ' c a t i on 
di arc very learn inn 
problem reaulutlun 
graphic* dcvelopaen' 
su« ical exploration 
c(>«(>ut (fr prugraaail 
( oa^ut t r awareneHii 
( aunael ir.g and guldam 
other 



.in a \ ^' p.irt n-.cr ' 
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It if\« •i».ron.'^ijit«r U to uava beyond th*t ot 4n lr.«t ruct lonal to<'l. 



H«di« 

pr\ ir^a d«vcIops«at 

Mlat«ncnL« rvLurdt 

vld«v 

>.lrcul«t Ion f v;ntrul 



«i t c niianc« 

1«-H«T file 

V laas rvglst r4t l^n 

bu« rout Iriit 

41 afiii cutlgft iontr"i 
tn/enti^rv ontrol 
't^er 

'..uldaa 

■ r uclfnt t ra< k Ing 
:ui lejt* self, t Ion 



Li brary 

instruction 

b'^hi lut d t Ion 

Invent ory 
budt(ct 

c i rculat lor i.oat r u 1 
othe r 




Bu lj_£ii nj^s and ' » r -^n i -. 
s^'Lurl t / 

tn.entor V 
-t hf r 



n t.ir /«ri«!d uaes tmlU^'t-d, »irf than one iiIa-j o c oj^vU e_r hj/^stioi 
br ".t t.-54iv e pot*?ntl«; location* of then* gystenB wli! h« 

j<j<itr<.,na 'i tT t .untldrr And thun Jeteraln*? th*- quantity 
♦ asUr ja; il^TH n«ft<>(i«rv tuae.-t th. f>otenti«i nt-rdH 
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more than one application, all prospecuve 
users should assign •'importance lactors'* 
based on their indnidual needs 

When importance factors have been 
assigned, indiNidual ^ puters can be 
tonsidcred Based on promotional liter- 
ature, information provided b> sales 
people, (u experience vMth one of the 
machines m the van, a "Comment Sheet" 
can be L o mp leted h igu re 2 sh o ws a 
cimmicni sheet for ihe mvthical Spacetron 
00"? 

On the final talis sheet, users are 
asked to consider again ihe 17 criteria and 
assign a value betueen one and (ive for the 
tonipuier m question "II the cost is high. 
gi\c it a 1 It II IS easilv movable and 
tonipatt then llc\ibilit> mas be a 5 I hese 
"single rankings'Vre then tilled in on the 
tailv sheet and multiplied by the impor> 
lance factors to produce a rating tor each 
criterion (See Figure 3 ) When the ratings 
are totalled, f' ser has a number which 
can be compared to the totals for other 
machines or tor the same machine in other 
departments While obviouslv not in- 
tallible. this technique provides a method 
o\ quantitsing what might otherwise be left 
to someone's gut tcciing \hc instructions 
conclude b\ caulionuig "Color ol the case, 
unncces.arv extras tt the salesperson's 
pcrsonaliis should not alfect the choice " 

Software Selection 

Once the computer svstctn ha*, been 
selected the pioblcin ot v^hieh software to 
pur*. ht.se niav be over w^^e'niing Vers lev^ 
manulactureis <nc willing to send sample 
pio^ianis and it m.i\ he dillicuit to find 
educational sotiwaic in tlie locakomputer 
stv)ie Here comes the \an again 

Shirlev purchases single copies of 
educ.Miona' programs from manydiffcrcnt 
vendors and makes them available in the 
van to educators who want to consider 
them for adoption it a teacher decides to 
adopt a given program or package, it must 
he purchased through his or her school 
district Software carried in the van mav 
nt^t be copied 

I he software evaluation form (Figure 
4j found m "A (uiide to instructional 
Micrntoniputer Software." is designed to 
assist in the selection ol software hirst an 
nisiructional obicciue nmst be stated 
I hen the obiectue is ct)mpaied to the 
teaiuies of the program with regard to 
grado level validation, correlation with 
ie\: instruciuMial strategies and instruc- 
tuwial design leaiures It also includes 
rn<;in to! a dcsLiip'ion of the program and 
an luerall evaluation 

Alter hardware and sottwaie are 
Jioscn teachers niav avail iheniseKesot a 
second In-servitc fuogiam which deals 
wnh "Mjcit)computei ( lassrotim Applica- 
tions Dining the tiiH-dav course, 
pariicinants learn to operate the computer, 
run pfogianis and even write a short 
piogran'. in Basn 



Questions to Ask 
About a Computer System 



1 Cost: This IS a factor to be considered Micros generally 
range from $500 to $3,000 to establish a system This 
cost IS to be with ail peripherals needed to operate 

2 Flexibility: (Si/e. portability, cords and modules, 
environment) Depending upon needs can the unit be 
readily moved'' Is it necessary for the unit to be moved'' 
Is It siurdy^nd reliable lo survive moving around*^ Has it 
been tested lor d irability*^ How much docs it weigh'' Is it 
necessary to be near an outlet or telephone lines'' Do the 
learners have to be brought to the unit or does the urut 
have to be taken to the lear.iCrs'^ Can the unit be accessed 
other than being right at the microcomputer itselP How 
many cords necessary to operate the micro'^ Is there a 
need lor special environmental controls, i e . tempera- 
ture, huniiditv. dust'M Protection fromexterior electrical 
interference, i e . other computers, static charges, 
another electromagnetic field) 

3 Mainframe Interface: Do^s the unit have the ability to 
interface \Mth available mainframe computers to 
function as a smart terminaP 

4 Keyboard Layout: Most micros come with a standard 
typewriter lavout If the unit does not. will it lit your 
needs'* Does it have a calculator layout on it* Is a 
calculator layout necessarv or can the standard 
ivpcwriter numbers fulfill the calculation needs' 

5 Additional Ports: Can other peripheral devices be 
Connected to the unit, i e .printers, plotters, phone lines, 
disks, etc Arc there sufficient ports to substantiate your 
operational needs'' Do these ports use memory (RA VI; 
thai would otherwise be available^ 

6 F\ecution time and loading speed: How long docs it take 
the micri»computcr to execute an operation'^ How fast 
can information be loaded into the unit'^ Is the execution 
lime, problem, operation or loading of a program too 
long for student attention spans'' 

7 Memory capability: How much ROM memory is the 
unit capable oP How much RA M memory can he taped"' 
RAM IS found in varying forms If strictly for running of 
prepackaged materials then usually 16K will suffice but 
generally self-generated programs will take more bytes 
of memory (RAM) 

H .System Expansion: Can the system be expanded easily"' 
What are the limit of the expansion'' What peripherals 
are available'^ Are peripherals needed ' With the current 
state of advances new items for purchase are always 
being developed, such as light pens, graphics, tablets, 
voice synthesizers, etc Maybe even keys for the blind or 
some other new advances arc in the making a this 
pamphlet goes to publication 

9 Fditinjj: Can editing take place immediately ds mistakes 
occur ' N editing simple' After the program is completed 
can editing be done'' Can changes in the program to suit 
needs be done'* W?l! the unit identify specific program 
errors'' 




10, Input and Output Devices: As specified for purchase 
what input and output devices are included in the 
package, i e.. cassette, disk. TV monitor, printer, plotter, 
graphics tablet, light pen. voice synthesi/er ' 

1 1 Software: Are there sufficient manuals, reference and 
program material available to support the micro- 
computer'' Arc there programs suited to the user's needs'^ 
!iave outside companies (other than the original 
designer) make additional software programs' Is there 
enough software available to ft" .11 needs' Can 
programs be made to fulfill the user's needs'' Have the 
programs been validated (field tesled with students)'' 
Cost of prepared programs' Ease of selt-gcncrated 
programs'' 

12 Graphics/Characters: Is the unit capable of low or high 
resolution graphics ' How many characters per line are 
available on the micro' How many lines on the CK I are 
visible' What is the screen si/e ' Ciraphics tablet ' I ight 
pen' 

13 C olor: Is color necessary for your operations ' It cc^lor is 
necessary, does the CRT monitor have to be a special 
monitor*' 

14 Voice command and voice generation: Does the unit 
have voice sy nthesi/ers. to generate v oice does it have or 
can It be adapted to accept voice commands' 

15 Music Generation: Is there music capability' Docs it 
have an internal speaker or separate speaker system lor 
sound' 

16 Servicing: What are the warranties available*' Cmii the 
unit be serviced at its home base"' Is on-site scfvituig 
necessarv"' Can local technicians make necessary repair s"' 
For additional cost will the unit be updated for the nevt 
vear as new developments are made'^ Length of time tor 
service including transportation to and from service 
facility'' Service cost including transportation"' 



1 7 VstT Training: Will vendors prov ide on-siic user 
training*' At what cost' How many hours' For how 
many people"' 




Instructional Materials Service Technician^ learn ii> 
service artd repair th? Rcli and Howell Apple 

J 
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On tha tally ahaat ualof a acala raiAini il-b) aaaitn a rank value 
for aach catagory froa tha coMMint aheat If tha coat ia high |tva U ' 
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Other Services 

The van staff has taken special care to 
reach administrators, since thev are most 
frequentl> in decision-making positions 
The Microcomputer Administrators Davs 
Workshops, in which administrators get 
an overview of small computers m 
education as well as specific information 
on hardware specification*- and t -aluation 
and software evaluation, have reached 
over 50*^^ of the school district admin- 
istrators in the state. 

Perhaps the most innovative program 
in this innovative program ^vas the repair 
seminar conducted in March 1980. in 



which Bell and Howell Apple personnel 
trained approximatclv 20 of the states 
Instructional Materials Service Tech- 
nicians to repair their computer Negoti- 
ations are underway with several other 
computer manufacturers to provide 
Similar sessions 

Shirle> points out the participants in 
these and other courses and services 
provided bv the van are expetted to be 
"multipliers " Key personnel are trained to 
train others in the school or district I he 
van enables one personand a few pieces ol 
audicwisual and computer equipment to 
serve nian\ people and main school 
districts all over the state □ 
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6 The Human Perspective 
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In the event that the reader has become convinced that computer technology should be embraced at any 
cost even at the expense of substituting machines for human resources, the following two articles have 
been included Both serve to remind us of the value of human relationships. 

In Some Thoughts on Computers and Greatness in Teaching. Thomas A. Dwyer comments . . we 
would be suspicious of an overoptimistic prognosis for the future of computing in education if it didn t also 
address the importance of developing greatness in teachers." Because of computer technology, the 
teacher is freed to become a codiscoverer of truth with the student. Dwyer views computing as a backup 
system that can induce greatness in teaching but requires a new approach to teacher education. The 
author calls for a return to greatness in teaching. 

The Hacker Papers are a collection of communications among college students and other computer 
specialists As their electronic mail unfolds, the reader gains insight into some of the problems associatea 
wrth being a Hacker or a computer specialist whose interests are limited to interactions with computers 
and other computer specialists. u , 

This article should be required reading especially for parents who are considenng purchasing a 
personal computer. Forewarned is forearmed. There is little question that home computers should 
probably be made available whenever possible but parents and students themselves shou d be aware of 
the potential consuming attraction inherent in computer experiences. There is a need to make a con- 
scious effort to encourage or engage in activities that will insure a well-rounded individual 
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Some Thoughts on Computers and Greatness in Teaching 



THOMAS A. OWYER 
Protect Sok) 
University of Pittsburgh 
Pittsburgh, Ptnnsylvania 15260 



In a paper entitled "The Computer and 
the Fou'lh Revolution. ' Molnar (1973) 
gave a panoramic view of recent efforts to 
harness the potential of the computer for 
education. He concluded that "computing 
IS so compelling a tool that it cannot be 
stopped ' Our own experiences, both at 
Project Solo and through numerous: con- 
tacts with others, confirm this conclusion, 
and Jn fact suggest an even stronger one 
We have found that computing, placed in 
the hands of well-supported teachers and 
students, can be an agent for catalyzing 
educational excitement and growth of a 
kind that is without precedent We believe 
that there has simply been no other tool 
like It tn the history of education 

Great Teaching In the Maaa 
Education System 

Our enthusiasm is tempered by a grow- 
ing respect for the importance of human 
relationships in education In particular, 
we would be suspicious of an over-opti- 
mistic prognosis for the future of comput- 
ing in education if it didn't also address 
the importance of developing greatness 
in teachers 

Developers of computer-related in- 
structional systems seldom make explic- 
itly negative statements about the role of 
teachers However there have been un- 
fortunate implications that computers are 
important because they can make educa- 
tion "teacher-proof " This is not only an 
incorrect attitude, it cuts off the real power 
of the computing tool, namely the poten- 
tial to multiply the effectt^/eness of the us- 
ers of that tool The most important users 
are not research and development peo- 
ple, but teacher student people Put 
Simply. I believe that computers m educa- 
tion are revolutionary because they make 
possible great teaching in a systenn -dedi- 
cated to mass education They make this 
possible by supporting the awesome 
mystery of person-to-person educational 
influence, not by replacing it 

To see the consequences of this last 
statement for teacher education m the 
Q mputer age, let's back up a bit It is a 
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truism that there have been, and always 
will be. inspirational teachers The know- 
how with which they have practiced their 
art has remained pretty much of an un- 
tapped resource, however The classical 

pipeline" model of educational R&D (ed- 
ucational product shipped to end users 
after development) makes no attempt to 
tap his resource How, it would be ar- 
gued, could as ill-defined a concept as 

great teaching" ever be encapsulated 
and shared in a mass education system*? 
More to the point, how could a word like 
greatness ever characterize the efforts of 
the majority of teachers who are (by defi- 
nition) "average" educators'? 

It has been tempting to respond to 
these questions by proposing that the art 
of the great educator be captured and 
disseminated through the medium ot 
"computer assisted instruction " One 
early worker in CAI went so far as to pre- 
dict that "millions of school children will 
have access to what Philip of Macedon's 
son, Alexander, enpyed as a royal pre- 
rogative the personal services of a tutor 
as well informed and responsive as Aris- 
totle " (Suppes, 1966) CAI is also based 
on a pipeline model The years have veri- 
fied that what comes out of the pipe, even 
when a computer is at the other end, 
bears little resemblance to the chansma 
of an Aristotle CAI has its virtues, but 
reproducing the mystery of person-to- 
person teaching is not one of them 

Solo-Mode Computing 

There is another use of computer-related 
technology, however, that is tnggering 
onginality and depth in student work, as 
well as such personal qualities as en- 
thusiasm and zest, particularly in the area 
of math education It is doing this, not 
so much by reproducing pedagogical 
greatness, but rather by mducing such 
greatness * It is a use of technology that 
works Its magic by freeing teacher/stu- 
dent groups from the restricted format of 
drill in facts and formulas Teacher and 
student become, instead, codiscoverers 
of truths The methods they learn to use. 



and the results they obtain, display a 
freshness that suggests thai they have 
personally discovered a secret that tran- 
scends the art of any one great teacher 
Their secret, put simply, is to use com- 
puter technology to build an environment 
in which learning mathematics la both 
natural and exciting Because their work 
IS predicated on the belief that the stu- 
dent alone must (ultimately) control wt.at 
IS done with the technology, such use has 
been called "solo-mode" qpmput^ng 
1^ ' 1974) Because the lechrwtogy 
provides a world of experiences to be 
lived in by both teacher and student, the 
resulting environment has beer> aftec- 
tionately dubbed "mathland" (Papert, 
1972) 

On the negative side, it should be clear 
that environmental solo learning, devoid 
of guidance and support, can lead to 
harm as well as good. A person who lives 
in the wrong part of France can learn bad 
French, South American babies who 
learn to swim by falling off the family 
houseraft don't always survive Like nrK)st 
good ideas, environmental solo learning 
needs to be coupled with other factors 
before it reaches its full potential. 

I believe that the strength of teacher 
and student-controlled computing is that 
It automatically provides many of these 
factors, because the students are re- 
sponsible for what the computer does, 
there is a kind of self- validation in stu- 
dent-controlled computing Of course 
such computing is an exceptionally rich 
source of solo-mode environmental 
learning 

We have recently been experimenting* 
with all kinds of other rich environments, 



•|n a subtle way cleve^ technology can a*50 re- 
produce some of the talent of the inventor (eg Pa- 
perl s Turtle), and in thts way transmit ceriain aspects 
of great teaching 

* These experiments are part of a proiect called Soto- 
works whtch concerned with developing com- 
puter-basod math lab envjronments This work « 
supported in pa t by NSF grant EC-38063 A profect 
newsletter is ava»lable from the author 
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anc ft »s t)ecoming increasmgfy clear to 
»^at the general-purpose compute' be 
ongs at the heart such environments 
sometimes just conceptually} Solo- 
mode ccmpoting properly supported is 
u'^dOL.DtedJy the component par ex- 
cef 3nce to' an experienfai educational 

T*^ ihjng that o^eases us most atx)ut 
d»<^^C'^rv !S that ft supports a a3- 
'^ars. c Of education that is a."0 em 
rer^'f Dractcai In tact It IS downright 
""d'^i '^osed :n >ts relation to reality This is 
r)ecdut>e t makes contact with the endur- 
nq '9a^*> of education today land for a 
tong » r^e 'r :orne} with the fundamental 
peop e u""'! of a iarge educational sys- 
»er^ -ar'ie'v ♦he teacher s'jdint group 

Computtrt at Backup Sys '8 

^ ''ea-ist?'. viWA .J t^Outatton adf?!its the. 
'^u'^a'^ teacHing ca^ t>o uneven and 
sor^'f>!!mes ve'^y sn'^opy but n r-lbo under- 
s'a'^ij^ the 'e a''or»ships involved be- 
tween bVdont^a'^^ 'le leach^' far tran- 
scend the 'ogtc of even the fanciest 
•^s"..r:iona' fk^wchart A realistic view 
i^ees stu '-^*s ana teachers as desen/mg 
3!' *^^e ne-p and erKouragement they 
ca*^ get as thev wrestle with some very 
'Qh\^^ D'^oDiems They are people working 
i**,.''^ Oi,tdated set of tools -n a system 
Ahose pfjor.ties do not recognize tne tm- 
iX^'^ance of educaSonaHy or-ented sup- 
DO^ svs!ems There is an innate genius 
'o 'eacne^ student groups but the flour- 
tsh-nq 'jf 'hiS genius is next to impossible 
A'^^-'Ou* sop'^tsticated backup Bruner 
" d^eo neeo emphatically 

^< ^ " 't»«» *'ont^s I laught 
•iftrfw ^ M# / t ' * ^'x^ ar"*^ hacK iL' t^^y otttc© ex 
"^.stw:' "^e J'^f '0<^f*"t*-^ '^ad to p^eP^Jre 
-^h,hW «^i»''ff'^ '-q ^iS€>i* V-w ' »«no^* fhdt you 
'fr*-^ ^ ' H^perkc! energy t^a• i"a'd 



Thus, supporting backup is the es- 
sence of reality, when it is backup that 
also induces unique greatness tn teach- 
er student work (as does locally con- 
trolled computing), then it deserves being 
catlad a compelling" educational phe- 
nomenon 

Teacher Educatlor>— Preparation 
for Greatness" 

A consequence of viewing computing as 
a backup system that can induce great- 
ness in teaching is that one ' a new 
view of teacher education jnder- 
stands, for example, that it i jry im- 
por'.ant to prepare teachers to use such 

supportive backup' systems creattvely. 
and to help them think ab<. ut the im- 
portance of getting their students \^ do 
the same t use the word creatively to 
c ggest that teachers should be edu- 
cated with the view that they are life-long 
researchers, not technicians who imple- 
ment other people s ideas Another differ- 
ence would be to immerse teachers in 
very rich technological environments as 
part of their education, again with the ob- 
jective of making them fluent at extending 
{rather than just imitating) ways of using 
Similar supporting systems 

The overall goal of teacher education 
should be to give teachers status b-ised 
on expertise— to help them n^astcr ♦'le art 
0^ molding themselves and their students 

nto very strong personal units within the 
large impersonal systems that arise in 
mass education Of course such strength 
wH! not come easily, it will have to be 
earned One of the real contributions of a 
locally controlled computer system is to 
facilitate the kind of accompliohment that 
will earn respect and status for both 
teacher, and students Such a system 
can also have a protective function, insu- 
lating teacher student groups from the 
erosive forces of noneducational con- 
cerns found in a big school system Any 
teacher who * worked in a school with 



good departmental physical facilities will 
understand the significance of this re- 
mark 

Conclusbn 

A good way fo summarize these remarks 
IS to say that I believe computer tech- 
nology has brought us the capability of 
making a very fundamental change in ed- 
ucation The change is a return to great- 
ness in teaching It is a change that es- 
chews the use of technology to automate 
pedagogy On the contrary, n s a view 
that starts out by recognizing the extra- 
ordinary power of human relationships It 
believes that teachers are important be- 
cause they are the proper focus of such 
relationships in education It sees tech- 
nology as a compel ^ forcG in education 
because it has the power to melt away the 
real-world constraints that nnanacle everi 
the best of teachers In a very real sense, 
it IS a view that says we are now able to 
back oft from the frightening dead-end of 
school systems without belief in their own 
power to teach, and to support the metiv 
ods that we knew to be right all along 
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They were among the brightest computer-science 
students at Stanford. They spent their days at lu 
nights in the concrete-and-glass computer cen- 
ter playing harmless games and mock-vicious 
"wheel wars" on the terminals. Then, one night, a 
hacker (computer addict) whose code name was 
Gcindalf sat down and tapped out a cri de coeur. in 
their Fingle- mindedness. he and his fellow hackers 
were losing touch with the human race. Quickly 
the issue was joined. The complete printout fol- 
lows. CFor a glossary of hacker terminology, turn 
to page 79 .) 
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STANFORD UNIVERSITY 

LOW OVERHEAD TIME-SHARING SYSTEM (LOTS) 

FROM: G GANOALF 
TO: BULLETIN BOARD 
•UUiCT: EESAY ON HACKING 

Dbw.cated to all my friends at LOTS who will live their lives in an alien culture surrounded by 
humanity and to Ernest, who was too human for tt 

As much as an e«?cgy, this is a story It is a true story of people paying $9,000 a year tO lose 
elements of theif humanity It is a story of both seen and unseen games It is a story of the 
breaking of wills and of people It is a story of addictions, and of misplaced values In a targe 
part. It IS my story. 

There is no one field in particular in academia that has a monopoly on production of single- 
interest people, and this practice can exist almost anywhere There is the politic^l-power 
seeker all-consumed by climbing up the bureaucratic rungs There is the stereotyped 
premed. ignonng all but his MOAT scores There is the compulsive artist or writer forever 
'nst in his work Narrowness is widespread But there is one field that seems to be more 
consistent in this practice This essay rooted in personal and painful experience, is about 
the people in computer science 

In the middle of Stanford University there is s large concrete-and-glass building filled with 
computer terminals. When one enters this building through the glass doors, one steps into a 
different culture Fifty people stare at terminal screens Fifty faces connected to 50 bodies, 
connected to 50 sets of fingers that pound on 50 keyboards ultimately linked to a comp- ^er 
If you go farther inside, you can discover the true addicts the menrbers of the Establish- 
ment These are the people who spend their lives with computers and fellow "hackers " 
These are the members of a subculture so foreign to most outsiders that it not only walls 
Itself off but IS walled off in turn, by those who cannot understand it The wall is built from 
both sides at once. 

These people deserve a description In very few ways do they seem average First, they 
are all bright, so bright, in fact, that they experienced social problems even before they 
became interested in computers Second, t.tey are self-contained Their entire social exis- 
tence usually center 5 around one another Very, very few remain close to their families. Very 
very few associate much with anyone who is not at least partially a member of the hacking 
group While they do sometimes enjoy entertainment unrelated to their field, it is almost 
alweys with fellow hackers Third, all aspects of their existence reinforce one another They 
go to school in order to learn about computers, they work at jobs in programming and 
coniputer maintenance, and they lead their social lives with hackers Academically socially 
and in the world of cash, computers are the focus of their existence 

The hacker will probably not strongly disagree with what has been said so far But he will 
ask the question, "So what'^" The answer is in creating a subculture and isolating it. we are 
destroying the chance that computers might be used wisely as an integral part of our 
society. We are precluding the human values so necessary for the wise application of this 
technological achievement The most brilliant young minds at our top universities are 
learning how to play with multimillion-dollar toys first, and how to utilize them con- 
structively second 

Even if we ignore the costs to society as a whole, we have to look at the costs to the people 
involved The computer is a modifier of personalities It is highly addictive People who gam 
this addiction for a period of several months tend never to give it up And the symptoms are 
very sad 

The first thing to go is other acaoemic interests Basically what occurs is that the 
hackers' motivation to challenge themselves in any field not directly linked to computers 
gradually disintegrates On the leve< of grades. straight-A students tacitly accept C's in 
noncomputer courses On the level of actual learning, the same students shut o^f outside 
subjects even more completely than their grades would indicate This is common in many 
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areas of specialization, but nothing compares with the incredible consumption of computer- 
science students for computer-science courses, and their nonchalant attitude toward 
every other class 

The second thing to go is a normal living pattern Eating and sleeping are completely 
rearranged to fit the addiction The typical hacker thinks nothing of eating one meal a day and 
subsisting on junk food, or of sleeping from 4 a m to noon almost every day of the week 
Families n.fl soon disregarded, to an extent uncommon eyen when one considers the 
separation that generally occurs in college It is simply that the oarents of hackers are 
ignorant of the subculture and cannot relate 

The third thing to go is a balanced social life The hackers' norrowness and strange 
schedule simply compound the social problems they experienced before hackerdom Soon, 
no one except a hacker has the capability to understand other hackers No one except a 
hacker wilt go out with other hackers No one excent a hacker can talk to another hacker 

The fourth ana final thing that happens is also the saddest The pe-sonality of the hacker 
shifts, in orier to permanently adjust to the new social conditions Emotions always have 
hurt before, sc they are effectively isolated Relations with nonhackers become strained, so 
why force the effort'^ It is so much easier just to accept social rejection and isolation, and to 
do It with a spirit of camaraderie that's shared by the rest of the subculture 

An essay should make an attempt to resolve the problem it points out In this case, the 
po;ntirg may be enough, or at least enough to ^ j whacever can be done I know from persona! 
experience what a trauma it can be I was one of the top 10 among several thousand LOTS 
users last spring for the amount of time I spent here I have watched people close to me 
undergo the transformation I narrowly escaped it 

The tragedy is that I am so involved in piecing my personality and social life back together 
that I think I have learned very little about how to prevent this from happening in the first 
place I am lucky I will go on to some sort of a balanced life (althouL,, ...y hacker friends will 
laugh at me. since, to them, my involvement was never serious enough to make me one of 
them) Weak-willed people people with unstable social lives, people in formative stages of 
their lives, should not become involved in computer science It should be left until they are 
truly able to make decisions and be aware of alt the consequences Computers are most 
often used by people who start v 'hen they are immature This is what causes the single- 
minded addiction This is what takes some of the brightest and most capable minds in college 
today and turns them to narrowness 



FROM: E ERNEST 

TO: G GANDALF 

SUBJECT: reply to -essay on hacking" 

As the human to whom Gandalf b essay was in part dedicated. I feel I have a responsibility to 
-eply Obviously his essay is going to provoke a certain amount of defensiveness from the 
hackers, on the other hend. he has made a number of points which are indeed very vahd 

I became rather disi'.usioned with LOTS last spring because I found that the attitudes of 
the people whom I had made my friends were becoming more and more machine-oriented and 
less and less human-oriented I began to spend less time here, and see the people less often 
It was partly the so-CJ='::ed narrowness to which Gandalf referrecf. but it was also a simple 
lack of genuine hi '.nan caring on the part of these people that I left 

I m not concf rned about their social lives physics majors, premeds. law students, the 
regulars at Aunt M'-.. les church social— all behave in roughly the same way Nor am I 
concerned about their grades, for the same reason that i . , not concerned about anybody's 
grades, including my own. if they choose to get hassled ever grades, they'll do so. and they'll 
make them if they want them i AM concerned about the narrow-mindedness that comes 
from losing interest in such outside things as the draft or the social sciences, or all the 
various and sundry things that Stanford has to offer This place should be a broadening 
experience, to fail to pake advantage of that is a waste of $9,000 Furthermore, narrow- 
mindedness and xenophobia have started more wars than any other cause 
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More than anything else, I m concerned about the hacker's shortage of respect for others 
and a lack of sympathy for their problems, because he considers the problem of whether or 
not he wants a HRROI or a STI m a certain place to be more fun than people are (If I get a lot 
of meii telling me that that's a ridiculous example and no one could prssibly mistake a HRROI 
for a STI, it will only prove my point.) By and large, the hackers are consultants, and as 
consultants they owe it to the users to be patient, pleasant, and, above all. sympathetic A 
large number of people in introductxiry computer-science courses are not cut out for 
computer work the thought processes it requires have long ago been squashed by indoc- 
trination and training They are confused, frustrated, and upset Wte do the best we can for 
them by teaching them PAoCAL and giving them an interactive system with a forgiving exec 
which holds their hands at every turn But there is nothin g like human comfort to make people 
feel better about it 

Gandalf^ problem was in attributing these faults to the computer The machine itself is not 
responsible for it. the attitudes of the others toward the machine are to blame After having 
spent a summer doing data processing, I know that not all computers have this fascination 
Look at JO , Vic. Sean, or Karl They don't demonstrate these attitudes They know that, 
fascinating as it may be. the computer is a tool and not a toy The fault lies in the attitude of 
the individual 

What IS to be done*? Nothing is to be done The hackers know who they are. running around 
and having "wheel wars" late at night, yakking and yakkmg while someone stands and waits 
for them in front of the consultant's terminal We may only hope that they grow out of it 
Gandalf is wrong It isn't a permanent alteration in their character— it is. hopefully a short 
lived immaturity'of people on their way to becoming programmers and computer scientists 



raOM:K KANEF 
T0:E ERNEST 

SUUECT: IN REPLY TO REPLY TXT 

In your opinion, the two problems that LOTS hackers have developed are a loss of touch with 
their humanity and an immature attitude about the purpose of the computer Until recently I 
would have disagreed with the first assertion I'm no longer so sure that it's not true 

I have even stronger feelings about the other claim that you make about hackers that they 
have an immature view of the p'»rpose of the computer You assume that childishness ir> a 
thing to be avoided You encourage people to throw away the things that are oO hard to retain 
in growing up tne sense of wonder in new wonderful things, the abH ^y to PLaY When I 
compare my attitude to that of Vic and the others you mention as hav.ig a more mature view 
of the comDuting world, I find that I like mine better I don't want to be like them' I see the 
computer a.s a toy as well as a tool And as I pointed out to Gandalf lai t week, this attitude is 
not limited to hackers There were many people in my dorm las t year w nose only knowledge of 
computers was how to play games and send mail, and they enjoyed using the computer as 
much as I did I was one of the few people in that group who was interested enough in the field 
of computer programming to also take an intro course in PASCAL 

I hope that I will always be as fascinated by my work as I am now Unfortunately I know that 
this IS not likely to happen, all too often people become bored with their professions You're 
right in saying that the childishness of LOTS hackers is short-lived— and isn't it a shame*^ 



FMM: E ERNEST 
TO: K KANEF 

SUIOCCT: THE COMPUTER AS TOY 

1 am impressed by your skeptcal intelligence, and I appreciate your ^-^ply I am sorry that you 
became aware of the diminution of simple humanitarian caring on the part of hackers the 
hard way. but pleased that you know of its existence 
As regards play, you pret-nt a very convincing argument, but I would hke to add a qualif .er 
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To me, as CMie matures, the highest forms of play cease to be consumptive and begin to be 
productive Sure, we all need to play and there is nothf.ig wrong with consumptive play in an 
appropnate setting and appropriate circumstances. Middle-aged adults en)oy Great Amer- 
ica, and this to me seems to be a perfectly healthy and appropriate form of consumptive play 
Nonetheless, I don't believe it is the highest form of play that they should be capable of 

Computer games are tolerable and serve their purpose; even they help to acquaint new 
users with the computer and to show that it is not a thing to be frightened of or confused by. 
But programs that type "You lose" when you type "sigh" to the exec don't serve any 
productive purpose at all, they are vaguely amusing and they take up disk space, and an entire 
page for six lines of code, at that Likewise, the wheel war is neither educational nor 
productive, it is nothing more than consumptive play, and it can be annoying 



FIIOM:m mpc 

to: g ganoalr e ernest 
SUIJECT: NONE Given 

Most of the behavior you described ib more or less typical of an undergraduate-aged person 
and less typical of hackers as they get older Rather than demeaning it. we should simpiv 
recognize it as normal for somebody that age In a high school kid, it is actually a sign of 
matunty to be at that stage so quickly In a graduate student, it's regressive 

Don't be misled by those who postulate the "compulsive" (and hence parasitic) program- 
mer versus the "profebsional" programmer— I know of no programmer who does not con- 
S'der the computer as a toy first You really do have to enjoy this work to be good at it I know 
of no hacker who does not consider the computer as a toy first What changes are the ways 
thai s/he plays with the toy There isn't all that much difference, in terms of the pleasure 
denved. between writing a new display hack or a clever access-control program, except 
that the fornr^r is something derided as being "hacking" and the latter is "responsible pro- 
gramming ' 

1 guess my point is that it's all a part of the irresponsibility that college undergraduates 
normally have, and it shouldn't be begrudged them, it's the last chance they are ever going to 
have in their lives to be that free 

FROM: A ANONYMOUS 
TO: E ERNEST K KANEF 
CC: G GANOALF 

SUBJECT: the hacker chronicles 

We are dealing with an infinitely malleable tool People who choose to develop and use that 
tool, whether for work, play or both, have that choice and cannot be denied it A person who 
chooses to be a musician must devote hours and hours to gam adequate expertise But 
would you consider the computer hacker any less creative than such a person*^ I certainly 
wouldn't The computer serves not only as a workhorse, but also as an easel for exercising 
one's creative abilities Therefore, in my ooinion. the hacker has not limited himself at all 
Rather he has expanded his intellectual horizon because now he has the infinite tool 

As for the charge that it disrupts one's social life. I would tend to agree with this to a point 
But It depends on how controlled the individual is At any time, he can withdraw to a more 
normal schedule Why doesn't he*^ The reason is obvious The infinite tool that knows few 
boundaries is accessible to a much higher degree, and thus he can devote more time to it 
Why IS this wrong*? I think it is definitely a bonus, r-^ce the usual restraints of 9-to-5 are 
el.minated and the person is allowed to expand beyond boundaries to do what he wants 

Now we come to the human versus the machine factor Gandalf stresses the necessity cf 
human interaction and the inherent evil of the machine Would you stress the evil of the 
instruments m an orchestra, or the instruments in a laboratory, or the typewriter of an 
author*? AH of these occupations demand extraordinary amounts of time for excellence But I 

/I 
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see no greater human intera'^tion fn these fields than tn computers I feel that people who 
disparage computers for a seemingly decreased human interaction are not at all familiar with 
the true import of the compjter Not only is it the infinite tool, it is also an extremely fluid 
medium of communication 



FROM: K KUDOLES 

TO: G GANOALF 

SUBJECT: hacking and the real world 

1 don't want to turn this into a personal defense or anything like that, but as I've said before, 
people have always found me strange I have always worn my hair long because I felt it was 
comfortable for me I prefer clothes that are comfortable and perhaps a bit scroungy For 
tNs, and being human, and getting excited. I have gotten pretty bashed As a matter of 
personal history it was nice for me to get away from a smog-hole of a city where the mayor 
said aloud on TV once that the "black problem" existed because the "blacks weren't disci- 
plined properly" I spent time in an ad agency where people were not only truncated and 
anesthetized, but positively deformed in personality They viewed people as real, honest-to- 
goodness objects of $$ and/or pieces of meat They'd promise you anything, but split with 
your portfolio 

Wbrk'ng with computers has been the only thing tolerable I have done in quite a while It 
does have its drawbacks, and you can get into just doing that and not trying anything else 
Part of It denves. I think, from a strange version of the American work ethic The thing I find 
sad IS when hacking comes before people, and it does sometimes for me. usually where $$$ 
and all this financial-survival crap is concerned But it is saddest when someone will not take 
time out from hacking to be with people at all I mean when people get angry because 
someone sends them a message asking them what they are up to. and the other person gets 
all freaked-out and sends nasty notes back 

The problem is that the social structure of LOTS rewards people who hack well but don t 
interface well with people if you look at who gets most rewarded at LOTS and for what, you 
find It IS the people who do programs and little maintenance tasks Very seldom do people 
who get along with others and relate well to them get highly rewarded 

FHOM: G GANOALF 
Tl: A ANONIYMOUS 

SUBJECT: a reply 

You base much of your argi nnent on comparisons (e g . with musicians) I agree with you in 
that I specifically pointed out that many people besides computer-science majors are very 
narrow This is no justification, however As the son of an artist. I think I can say that such 
creative outlets are essential, but they do not and should not make up the totality of ones 
existence 

Secondly you accuse me of stressing the evils of the machine world This is an interpreta- 
tion of my essay that is purely yc irs I attempted to make clear that ' thought comp ters 
could be highly useful tools, but ' iCt much of their valuable potential W3S being lost due to the 
narrow approach to them It (S a HUMAN failure and not a mechanical one 

FR0M:E ERNl£ST 

TO: G GROG. W WOODY. H HiMA. B BERLIN O 07, K KOA. Y YQUJ. S SQUASH 
J Q. JOHNSON 

SUBJECT: the hacker rapers 
Dear Sir or Madam. 

You have contributed NOTHING, repeat NOTHING, to the Hacker Papers As a hacker it 
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rs your responsibtlity to defend yourself against thrs vicious attack on your way of life Do you 
intend to stand idly by while mealy-mouthed, bleeding-heart, fuzzy-studies maiors shred you'? 
Surely not' Voice your opinion^ Stand up for your right to enjoy not enough sleep, not enough 
terminals, and not enough core' What people do with consenting computers in private is their 
business' 



FROM: J o JOHNSON 

T0:E ERNEST 

SUBJECT: the hacker papeps 

What, pray tell, are the "Hacker Papers'"? A work by Margaret Hacker'? A lurid tale of ax 
murder'? A discussion of the psychology of computer nonprogramming'? If the last. I have 
nothing to add. and am not sure I appreciate being addressed as a hacker. I'll have you know 
that I AM a "mealy-mouthed, bleeding-heart, fuzzy-studies ma)or" since my degree ts in 
political science, which [next to AD is the fuzziest of studies 

My feelings are aptly summarized in Joseph Weizenbaum's Computer ^wer and Human 
Reason, where he ta>ks about hacke'^ who become so obsessed in tinkering with their 
grandiose programs that they lose sight of the problem to be solved. Though I disagree with 
his ultimate conclusion that the computer cannot be taught to reason like human beings. I 
tend to agree with his diagnosis of the effect they have on people's ability to reason I most 
heartily recommend the book for your consideration 

n 
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Hacker: A person who makes constant small and 
unimpoftani modifications to a computer program 
for onjoymenl rather than to improve the program 

Hadcar diaplay/Dtoptey hack: An alteration m a 
computer program, done sloppily, and, often, for 
fun The kind of program involved is for display of 
information on a terminal screen 

PASCAL: A relatively new computer language (like 
BASIC or FORTRAN). 

Wheel Wars: Wheels are computer users who ob- 
tain special privileges Their wars are games played 
on computers 'n which they do -,ck)us things to one 
another, like t>lockmg other wheels access to the 
\erminais or trying to confuse and frustrate liiem 
(The wars occur only dunng late night hours or m 
summer, when they won t interfere wtth the work of 
other programnr^s ) 



Al: Artificial Intelligence, the study of how comput- 
ers can be programmed to simulate venous mteltec* 
tual processes of human t)efngs, such as language 
use 

Joeeph Wel2entMHJm: A well-known Al researcher 

at MIT who condemned hackers in his book, Com- 
puter Power and Human Reason Compulsiva pro- 
gramming, Weizenbaum wrote, "represents a psy- 
chopathok>gy that is far less ambigiious than, say, 
the miWer forms of schizophrenia or paranoia ' 

HRROI, STI: Esoteric machine instructions used 
mainly by wheels and computer repair people 

Exec: The executive command processor, tha pro- 
gram that cames out the user's orders 

Core: The work space available in the computer, its 
internal merrwry capaoility 



Most of the contnbutors to "The Hacker Papers" are either stiil Stanford undergraduates or are working as 
computer speoahsts In order of their messages, they include Kenneth Peter (G GANDALF).Emest Adams 
(E ERNEST). Robert Kanefsky (K KANEF), Mark Cnspin (M MRC). Steve Kudlac (K KUDDLES). and 
JohnO Johnson (J 0 JOHNSON) A ANONYMOUS stands for a hacker who did not wish to be identified 
Credit for discovenng the papers goes to psychotogist Philip Ztmbardo. whose commentary fcitows 
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7 Resources 



In this final section an attempt has been made to provide information about various types of resources 
that may be useful in getting programs started and keeping up to date on new developments. 

Popular magazines and newsletters have been listed as well as a selected list of books Names and 
addresses of software vendors and microcomputer manufacturers are included. 

An article on educational software by David Lubar reviews programs from seven software vendors The 
information presented is useful in selecting software appropriate for gifted and talented programs 

Finally, a list of organizations that help educators use microcomputers in teaching and learning is 
provided This document was prepared by The Resource and Referral Service, National Cente'' for 
Research .n Vocational Education. In all, 10 organizations are described. Included are their address, 
telephone number, and the name of the person to contact 
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David Lubar 



Almost anv use of the computer can 
be educational, even when mstr^yon is 
not the mam mtent ot the progi^Rxhis 
lends to turn a review of edufllonal 

software into a complex task of selrction 
(in Itself an educational experience) To 
narrow the field, the following types of 
programs will be considered I Those 
labeled "Educational" bv their .nanu- 
facturers 2 Those which, while nor 
labeled '^Educational." do provide the user 
with new concepts new information, or 
new approaches to problem solving With 

Almost any use of the 
computer can be educa- 
tional, even when in- 
struction is not the main 
intent of the program. 

these criteria cstahlished. but not innexiblv 
fixed, we'll look at a varietv of educational 
softwaic for h{^me computers 

tdu-Wtre 

EdU'Pak I from Edu-Wdre(S39 95) is 
a disk for the4KK Apple II and Apple II- 
plus, requiring Applesoft in ROM The 
disk contains Hve programs "Compu- 
Rcad," "Perception " (three programs) 
and "Statistics " f ach program allows for 
several options and variations, tht's 
creating a large software librarv on a single 
disk 

**( ompU'Read." designed to improve 
a reader's speed and retention, begins with 
a choice of six different programs 
"Compu-Rcad P places three random 
letters on the screen for a brief moment 
The user must type these letters after thev 



have vanished If he succeeds, the next set 
of letters remains on the screen lor a 
shorter period of time If he is wrong, the 
time of display incrca<^'^^ At the end, the 
time of display is she n, as well as the 
number of letters per second for both the 
start and end of the segment This 
information helps the user gauge his 
progress 

"Compu-Read IT* uses words instead 
of random letters At this stage, the skills 
developed in the first program are called 
into service Skills related to recognition 
are also cmphasi/cd and strengthened in 
this exercise "Compu-Read IH"dtsplavsa 
w^rd on the left and four words on the 
right One of the four is cither a synonym 
or antonym for the word on the left Once 
again, the words do not remain on the 
screen for long The "^er must type the 
correct synonvm or antonym Ihis 
! ) .wives both recognition of the words and 
comprehension of their relationships I he 
system can train a person to absorb and 
analv7e data in a rapid manner 

"Compu-Read IV" presents a sen- 
tence, then asks the reader a question 
concerning the sentence The question is 
alwavs about either the subject or object, 
thus training the user to scan quickly for 
information This technique can greatly 
increase reading speed The next two 
programs arc file builders which allow the 
creation of new word lists for the second 
and third programs The series is well 
developed and seems designed to build up 
reading skill in discrete segments There 
are options to specify the number of trials 
and the length of time for displa\ 
( omplcte statistics are given aftcra round, 
breaking the performance into several 
factors such as percent ccirrect. dispia\ 
time of first word, display time of last word 
and rate of Icturs per second 

Next on the disk is the "Perception" 
scries These three programs, in high- 
resoluiion graphics, test visu»^Refccption 



and the ability to judge spatial relations 
"Perception I" concerns lengths of lines 
and gives d choice of 5 tests In each, a line 
must be matched to a specific, illustrated 
length The line is controlled with the 
paddles The options include two vertical 
lines on the floor of a room and two 
crossing hori7ontal and vertical lines on 
the rear wall of a room Anyone who is 
familiar with optical illusions will realize 
that finding a match is not always easy 
The program responds to the user*s guess 
with the percentage (if error in the 
estimate 

"Perception IF* deals with shapes 
Again, there are a large variety of options 
Basically, a shape with from three to eight 
vertices (user selects this number) is shown 
in sections as a window scrolls past it The 
player must pick a matching shape In 
"Perception 111" the match must be made 
on the basis of si7C The player selects from 
a choice of seeing the shape on a blank 

Anyone familiar with 
optical illusions will 
realize that finding a 
match is not always easy. 



screen or against a scale which allows 
comparison He also chooses from three 
ways of seeing the master and te^t shapes 
1 he number of vertices in the shapeand the 
time It is displayed arc also controlled by 
the User 

I hcsc programs develop not only 
spatial perceptions but ».lsc concentra- 
tion And thev are fun With all the options 
and variations, anvone could use the 
"Perception" - cries for a long time without 
tiring of It 

Ihe last selection on the disk is 
"Statistics" Ihts contains six programs, 
including *C'hi Square l)istnbiition»" 
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Aifan VarufKc and Stondard t)e\i- 
atu»n atid '( I cnI 

I he diNk n well d»»fit i ai h pH)>;f am i> 
menu driven and v.»tncN with n»rnp!ctc 
msiructu^riN A lot i)i tht^u^iht went into 
tJu-Pak I It would make an C\Cellcnl 
additu)!! to the software iibrarv ot anv 
Ncnool and ^ouid be used bv students of 
atniost anv age J he prv»grams mentioned 
abo\e are aUo available •ndividudllv on 
^.a^setle and di>k ^du-Ware has manv 
>iher educational programN (as well as 
>ome bjmulatiim programs) on the market 
and under development and is also 
working on new verNions of present 
programs [his pr^H^ess o\ revision insures 
a dvnarr)!*. pri)ducl I hev combine talented 
progrdTiming with skilled educatumal 
techniques the results are good 

Stfkftce FducaCional Suftnare 

( a^sette H) > tor the i6K IRS-HO 
* S. no pA.h} tromSteketee's /,/)( - 
SOtl scnc^ .iJitfains two prt)grams 
wht^h can be ii>ed both <n the classroom 
and at home "V\o\ and '(uiess the R ule 
"Plot" aliow> the graphing ot ^lngie or 
sinuUaneous equation> \nvthing within 



Both beginners and old 
pros will be fascinated by 
the internal view of a 
computer in action. 



the rr aihematicai uapabilitv of the I RS- 
^0 trom a simple to a complex 

V "S1N(\) \*S()K(\( .an be u^ed \n 
equal;. Ti !^ entered b\ homg pia^od in 
Ticnorv as hne 400 \ second equal 'on can 
ne nserted a^ line "^00 it a uraph -^t 
^»multaneou- e^^u*t^lons i^ desired Since 
^he^e e^ua'l')rl^ become part nl the 
pfinjram f RS-M) c»^nventlon^ Inr math 
s\Tibois mu^t be tc^llowed Once an 
euuatu>n is entered the u^er has a lHi >n.e 
either Cartesian or 1 ng coo^dlnale^ as 
well as a chv>Ke >)! anv desired endpomts II 
the selected enlipo|^^^ arc t(n> smaH rht. 
'inc won't appear <m the screen \\ this 
f"aprK*ns larger bv>undarics are needed 
\:ier tne Uinvtmn is graphed it (.an be 
^ep'.ntted ^viih d.ilerent endpomts saved 
t» 1 ^c ^ om*^' pcti u f ^>'" ^ ' .jaaiion ^i 
rr-cnivTv. Plot ' which ^i^e- 
J M.d ''f*p'"e^ep^vi^^»^s ^' rn.irv 

1 ' ' ' a ' 's' a !■ , ac'^ iJMiup 

I'! (r 40s^ R itc 'h' ^nnTputvf 

.e Cv's an ci.r..a' ^ ranL'.f'g 'P «' '-^ 
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Another Lassetle, lO 4 I same price 
and conliguralion as I () J ), contains 
'*C ompuia-I)i)odle" and ''Simulated 
C Drnpuler " "C omputa-Doodle." as the 
title suggests, IS a graphics utilits I he lelt. 
right, up and dow n arrows control a cursor 
which draws lines An arrow followed b\ a 
number will g)ve a longer line Left arrow 
iollowed bv "9/*l\)r example will move the 
line nine spaces to the left, plus one tor the 
move registered with the initial pressot the 
arrow Ihe **Q " "N^ * and 'S" ke\s 

allow diagonal moves, with numbers 
t olio wing to give the degree ot slope Once 
a diagonal has been started, the slope can 
be changed jUst bv pressing a dillerent 
number This alU)Ws smooth curves to be 
drawn [here is alsi) a command which 
displavs the numbers that represent the 
graphics in memorv, and a command 
which moves the entire drawing on the 
sc reen *("om put a -Doodle" i> wcil de- 
signed and casv to use 

"Simulated C omputer" is an excellent 
program It turns the 1 RS-KO into a 
microprocessor Iwcniv numorv KkvI- 
tions (little boxes) are displaved on th- 
screen along with boxe^ tor input, output, 
accumulator, program uninter and in- 
struction register \ group ot three digit 
commands for such Junctions as "add" 
"subtract." and * skip " is used to program 
this sirnulatMn a computer Once a 
program is entered *hc operation ol this 
'\entral processing unit" is graphuaiiv 
displaved as the user sees merrn^rv contents 
change and as input and output appear in 
the bt)xes 1 her.' are also modes tor 
slowing the program and tor running in 
single steps I he program is a great 
introductitin to the n>ncept ol a micr*-- 
processor Both beginners and old pros 
will be fascinated bv thi> internal v lew ol a 
computer ir action "Simulated C om- 
putcf" 1^ a good fir>t step on the wav to 
understanding a /-SO or a t^'^i)2 pucro- 
pn^^essor 

Steketee programs Lonn wi:h good 
doLumeniation, including complete in 
structJons and suggestions tor using thi 
programs I he programs arc v^ril designed 
' >\ tasL o! (>{ oration atui * iin nian\ 
rpif trap^ 1 hi> *.assLttc idv!jn(!Li\ be 
u-C'' 'p lh<. i ia>sroi"Ti Intiisul U^L^^. tu 
aU') L piov tills tape \n\ ol ' ^ 
tar i-^'fi ordered on disK l.it »'n 
idditinnai S*^ 00 



Basics and Be\ond, Inc. 

\fur,no\n} I lor the level 11 U>K 
I RS-^O f*s N 9*^) ct»nla!ns thirts prograrn> 
on two I asscttes ^ he progranl^ rangt from 
games and simulations to utilities and 
educational aids I he games are nict 
th»)ugh ^omeare reminiscent of prcviouslv 
published ones Several of the games ( ould 
be considered educational "South Pole" 
a'lows one or two plavers to try to reach 
the pole and return ! he plavers decide 




how many men and dogs to bring, and how 
much food and fuel to take along Daily 
reports are given as the players pick their 
routes toward the pc)le Aside Iroma rather 
long wait while data is beingdisplaved, the 
game is fun More varied and complex is 
"Atlantis " Here, the player must decide on 
a course of action to save this mythical 
isUnd from imf>ending doom He can try 
to build a dome for protection against the 
volcano, work toward evacuation, or try 
one ot several other approaches Many 
decisions are involved, with many possible 
outcomes I his is a nice simulation 

Then there are the educational 
programs "Country (iuess" has the player 
;hoose a countrv I he IRS>KO asks 
questions until it is able to name the 
country This requires the player to know 
(or learn) a fair amount ol Geography, 
otherwise he won't be able to answer 
correctly "Math l.-ble Drill" allows the 
user to select the number he wishes to 
study J he computer than presents 
problein> .n basic arithmetic which involve 
th' .lumber I his eould be a good wav to 
practice multiplication tables "Spelling! 
Drill*' flashes a word on the screen, then 
waits for the user to spell the word Any 
mistake will immediatelv end the attempt, 
but another chance will be given "Spelling 
Review" allows ilie user to enter his own 
list of words for rev.ew 1 here are *hree 
levels each presenting the word tor a 
d.^erent period ot time 

ifunxosm / also contains data-base 
tvpe programs such as lowering House- 
pKints " "Calones-l <K«J " and '"Calories- 
Ingredients," as well as programs for 
balancing checkbooks and checking 
memorv At this price it is a worthwhile 
purchase Included with tfie cassettes is a 
?A P'lge booklet which gives detailed rules 
lor the games and hackgr()und on the 
educational programs i he tapes and 
booklet are attiactiveiv packaged in a 
sturdv plastic biniler 

Mucationat \cH\ities. Inc. 

I his cornpauv markets several pro- 
grams tor the PF 1 and I KS MO Apple !!- 
plus versions are also o. the works \fi\\in{^ 
I iii (s 'S^^^)'^) can be used b\ a student 
with no help from a teacher, the instruc- 
tums arc clear and Mmple As in "Math 
I able Drill" (see above) problems are 
presented with one missing factor 
"^^'-^ and the user has to suppiv thi'. 
missing number After a correct answer, 
the whole problem is displaved again 
When the guess is incorrect, three chances 
are given before the computer provides the 
answer 

flaJ} Spdlinjj (S14<^S) presents 
words one letter at a time in large script 
! he whole word remains on the screen for 
an instant, the n vanishes At this point, the 
user must (orrccilv spell the \\ord While 
there might seem to be n(^ challenge in 
•>pclling a word th.it has )ust been on the 



icrcf n, the bcncfu of thi$ program is that it 
rcinlorccs learning By seeing the word one 
letter at a time, the student is more likely to 
rcmcnmbcr the correct spelling 



"South Pole" allows one 
or two players to try to 
reach the pole and return. 

Si rambled letter b ($14 95) is tor tv^o 
players, vvho lake turns trying to solve 
jumbled vvords If a player is correct, his 
opponent gets a new word, on an incorrect 
guess, the other plaver gets a shot at the 
same vvord It the> both miss twice, the 
program shows them the word Fxtra 
points are given for speed in this contest 
There is oniv one small problem Some 
words sut h as "oeean/' have anagrams \ 
pla\er who resp^^ndcd to "aceno** with the 
answer "tanot" would be told he was 
wrong Aside {rom th»s the program is well 
designed 

lntf(>Jui Hon ir Ualhemain s on the 
( omputt'r (529^5) IS a marvelous, wide- 
ranginv? program It presents the student 
with n ''h problems a* a specitit selected 
level ot difficultv It the student does wclL 
the level increases The value ot the 
program becomes apparent when tht: 
student makes a mistake After several 
tries, it the answer hasn't been tound, the 
machine restates the question as a word 
priiblem Instead ot using **5+3,** tor 
example it savs. "Maybe this wa> would 
be easier tor vt>u It I had 3 pencils and vou 
gave me ^ more, how many pencils would I 

Programs from Atari rep- 
resent a good concept 
which has produced fair 
t o excellent applications. 

have*" I he progr.im is also extremely 
patient when irvmg ti) get answers to 
\cs ni) qucsiums dunni' the iniial set-up 
Ih.s !s a nac ttuich .tnd shows the care 
th<it went int. I thi package 

\1i»st tit the F A programs make 
extensive use o\ large-si/c letters I he 
dtKumcntatum ct'insists ot onlv an insert in 
the cassettes but it provides intormatinn 
ori changing the data bases tor the spelling 
gamos and advice on what to do when 
problenis arc encountered Besides, the 
prouranis ct)ntain everything the user 
would need to know I hese tapes could be 
ot value m the classroom, and could also be 
Used bv students who want t(^ learn on their 
own or who need t- vtra help with a subject 
this IS detimtcly a qualilv product line 

Image ( omputer Products 

Now that the At.tn nome computer 
has been i n the market lor a while, other 
^'^'oparnes are beginning to produce 
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software for it Image has brought out a 
nice cassette, Skill Builder ! ($19 95) 
containing two educational programs for 
younger persons Running on either the 
800 or 40^J, "Number Hunt" has the player 
move from the center to the edges of a 
threc-by-thrce grid, trying to find the 
number that matches the answer to a 
problem shown at the bottom ot the 
screen At first, the problems are very 
simple If the player does well, the 
problems become more difficult A single 
player can use the program, or two players 
can cou-pcte, trying to be the first to tind 
the number Inthetwoplayerversion,each 
player has his own grid I he control is 
through joysticks 

I he same cassette also contains 
''Bingo Duel '* In this game, numbers must 
be tound on a five-by-tlve grid Two 
players can compete, each getting a 
difterent level ot problems but using the 
same grid, or the game can be used bv a 
single plaver Both games 're well 
explained m the booklet accon iving the 
cassettes These programs could be used bv 
children v\ fio are lecrning their numbers or 
who are learning elementarv addition and 
subtraction Older children might also 
eniov the eompciitive aspects ot the games 



Atari 

Ihe la'k ^nni IcaJi programs troni 
Atari represent a gotxl concept v^hich has 
produced tair to ext Ment applications 
I sing the Educational System Master 
Cartridge, the machine comes on with 
simple nst ructions for loading the 
cassette Atter the piogram is in memorv. 
the computer controls the tape, which 
gives audio output through the television 
to supplement the intf>rmation on the 
screen For some applications this is a nice 
idea The Sociology set, with sixteen 
programs on four tapes, is well done The 
tirst program introduces the topic, 
explains what will be covered, and begins 
to give a background ol basic concepts As 
text is displaved on the screen, a narrator 
repeats the material Since speech can be 
taster than reading, the voice is able to give 
extra information 

Throughout the program, the tape 
stops and a question appears on the screen, 
along With two orthree possible answers It 
the wrong answer is selected, there is a 
bu// When the right one is tound, the tape 
continues, often making a comment about 
the answer 

In the same series is a set ot History 
tapes Ihese begin with the Cjreeks and 
mov e ch ronologica llv forward Ihe 
historv lessons stress a cause-and-effect 
approach Obviously the tapes took the 
ettorts of three professionals, a program- 
mer, an educator and a trained speaker 
The lessons are put together with great care 
tor detail, accuracv and interest The use ot 
text and graphics is well done, and learning 
trom these tapes is a painless endeaV(>r 

So 



There arc times when something is 
used because it is available, not because it 
IS the best thmg to use This could be the 
case with the Great Classics sc\tc\\on of the 
Talk and Teach series Each story is 
presented m synopsis v,.in a style reminis- 
cent of Classics Ulusiraied The program 
pauses to ask questions, insuring that the 
reader grasps the plot line, but that isn't 
enough. The value of literature comes not 
from the plots, which are often ancient and 
borrowed, but from the way words are put 
together None of the works in this sixtccn- 
story collection, from Julius Caesar to A 
Tale of Two Ciiies. can be viewed as 
anything but story line Each work is a 
classic because of the style and art of the 
writer These tapes are pale images of the 
classics If they interest a student enough to 
get him to read the originals, fine, but that 
doesn't seem likely 

Also from Atari is Siaiesand Capiiols 
(S14,95) A high-rcsolution map of the 
USA IS displayed One at d time, the states 
are outlined The player has to guess the 
state If he is wrong, the program will tell 
him the answer After that, he has to guess 
the capitol .Again, the correct information 
IS provided after each guess The game is 
nicely designed . but w ould be best used in a 
classroom, since individuals who used it 
would quicks learn the stiMcs and have no 
more need of the program 

Creative Computing 
(Sensational Software Division) 

This review would not be compi^fe 
without mention of some of the newer 
educational programs from Creative 
Computing First, tor the TRS>SO, is 
ti'ologtcal Simulaii()n\ - J ($14 95) This 
contains tour programs "Pollute," "Rats," 
"Malaria," and "Diet ** In '"Rats," the 
player tries to control a population of rats, 
us'ng various poisons He can select the 
length of time between reports, as well as 
the length of each application and weight 
of the poison Trying difterent methods, 
the plaver learns the results ot combination 
programs using varying amounts of 
poisons 

"Malaria** is a varied and interesting 
program The player must select from 
several measures designed lo hmit the 
spread ot a malaria epidemic Attention 
niust be split between preventative and 
curative measures At the end of a round, 
the player is given an evaluation ot his 



The value of literature 
comes not from the plots, 
which are often ancient 
and borrowed, but from 
the way words are put 
together. 
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N^ork. showing how effective each of his 
mea!»ures wa& Bit b\ bit, it is po!^sible w 
develop a strategv which makes the most 
effective use oi the vanoas measures This 
game quickly becomes absorbing 

'*Pollute" lakes the user's selection of 
water temperature, kind of waste, rate of 
dumping, and treatment method, then 
shows the effects on a bodv of water It 
contains good error traps and other aids 
In entcnng the amount of waste, a replv 
that 's wa> too large will result in the 
comment New York Citv has a rate ol only 
12 parts per million pcrdav The display 
graphs oxygen against waste m the waier 
This prograrr. too. is a good learning tool 

The final simulation, "Diet." allows 
expcnmentation with various weeklv diets, 
without the risk entailed from actual 
expenment A plaver can learn what a 
week ol milkshakes would do to him. or a 
week of sprc uts and other vegetables The 
output tells how much weight would be 
gamed or lo^i on this diet, as well a?* the 
nutritional makeup ot the food 

In these programs, a replv of '* l" as 
input IS used whenever the player needs 
help in answering a question The docu- 
mentation includes detailed explanations 
ot ail parameters and \ariables. as well as 
exe >es to get the user started and advice 
tor clas^room activities with the program 
\iso included is inti>rmaiu)n on the 
assumptions made in the simulation The 
manual itself can be an educational iOi)l 

■\nother tape from Creunxt- Conipui- 
mi(. C 41-: ($1 I 95) is lura I6K Apple 11 
with Integer Basic It contains three 
programs designed for computer-assisted 
instruction "European Maps** begins with 
d high-resolution displav ot Furope The 
plaver IS given the choice ot naming cither 
countries and capitols or jUst countries, as 
well as the option of just entering the first 
letter of the name ot the counirv During 
the game, a dot m the center of one of the 
countries will begin to Hash The plaver 
must name this counirx 11 he is w rong, he 
will be given the same counirv twee more 
at other times during the game Fhis use '^t 
graphics for visual learning is nice, and 
should prixiucc gin)d results 

"Meteor Math," tor beginning and 
intermediate students of math takes the 
pain out of arithmetic I he plaver is 
mtormed ot a meteor which is tailing 
toward Farth He Tiust destrov the meteor 
with his laser cannim But he ha>, to answer 
math problems correctiv before he can tire 
the cdnn(m It takes a lot of shots to 
destrov the meteor It the student does 
well, the level ot ditticultv ot the problems 
increases This is a niceiv -designed 
package w hich makes r kI use of graphics 
in presenting math proDiems. 

The tape also contains "Musk 
Composing Aid." which allow s iheentrv of 
lotcs, tne replav nt the notes or of other 
savc(f scores, and the editing of composi- 
tior\4 The music, coming from the Apple's 
ovvfi speaker, sounds like an alto recorder 
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When using the svstrm for composition, 
each note is plaved as it is entered Notes 
are coded using a simple method A C 
below middle C is entered as C To go an 
octave higher, the composer would use 
CC There is a ra nge C below midd le C to C 
three octaves above middle C Along with 
the program is a data tape containing a 
Bach composition The program encour- 
ages students to learn musical notation so 
they can transpose their favorite scores 
from sheet music into computer data This 
package offers a nice variety of programs, 
and would be worth the price for the music 
routines alone 

Moving a wav from educational 
software, we get to those programs that are 
intended as aids for teachers Cienerally, 
such programs are concerned with or- 
ganizing data, and with saving time First, 
two cassettes from Educational Associ- 
ates, one very good, one fairlv disappoint- 
ing The good cassette, Readahiliix Index 
(S9 95), can be useful not just to teachers 
but also to those who work in children's 
literature, especiall) literature for the high- 
interest low-readabilitv field Readabilitv 
gives a gu!<1eline for determining what 
material can be comprehended bv what 
grad." level In the EA program, the user 
enters three paragraphs, the first, one from 
the middle, and the last I h . program then 
gives word count, sentence count, the 
number of letters, the average length of a 
word, the pcrLcntage ol the words that are 
on the Dale readabilitv index, and the 
readabilitv level The Dale Ujng list 
Contains words that are m the vocabulary 
ot readers at certain ages Fhe percentage 
given IS an estimate aLtual check 
against the list would take too much time 
Along with the printout is a chart tor 
finding the grade level that is appropriate 
to the readability This program is useful 
and well set up tor ease of operation 

Considering the overall quality of FA 
soft'' their Grade Averager {%9 95) is a 
disappointment The program allowsentrv 
of grades, either letter or numeric, foreach 
student in a class When all the grades have 
been entered for a student, an average 
score and letter equivalent are given At the 
end of the program, a summary of all 
names and averages is furnished So far, no 
problem Bui the program does have flaw.-. 



A player can learn what a 
week of milkshakes 
would do to him, or a 
week of sprouts and 
other vegetables. 



First, once a grade is entered, it is there for 
good There is no way to edit mistakes 
Any change would entail redoing the 
whole tile for that student Also, a wrong 
entrv that is a letter other than "A," "B." 
"C," "D," or "F" IS taken as a signal that 
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the entries for that student are finished It 
seems that this cassette could create more 
work than it saves 

The Apple II GradehooL ($24 95) 
from Creative Computing is a disk- based 
utility that allows teachers to set up files 
containing the names of students and their 
scores The user first establishes a roster by 
entering the names of the students More 
than one class can be held on a disk Oncea 
roster is on file, it can be accessed to add 
new scores, change scores, change existing 
information, or add information 

A lot of thought seems to have been 
devoted to making this program easy for 
the user After a name has been entered, 
the computer shows the name o*. .ae screen 
and asks if it is correct Getting a "yes»" the 
name is put on file If the name isn't 
correct, the computer asks for another 
entry This method should virtually 
eliminate user errors 

With names and scores on file, it is 
possible to get various statistics from the 
system, such as scores and averages for 
each student, as well as his deviation from 
the mean Another nice touch the names 
can be entered in any order When they are 
sent to disk, they will be stored alpha- 
betically Fhis system is very easy to use 
Anyone who can type can have the luxury 
of a computer grade hook The documen- 
tation covers use of the svstem and 
recovery from any problems that might be 
encountered (such as accidentally hitting 
reset) 

As should be obvious by now. there is 
a lot of educational software out there»and 
the quality seems to be getting better every 
month With careful shopping, any school 
or individual should be able to fill all 
software needs for a reasonable price □ 
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Goleta CA 930 1 7 

tdu-Ware ber-vices '.10 

22035 Buroank Boulevard, #221 

Woodland Hills CA 01367 

Educational Activities Inc 
1937 Grand Avenue 
BalJwin NY 115H1 

Educational Software Prof Ltd 
38347 Grand River 
Frammgton HilI'MI 48018 

Educational Programs 
P 0 Box ?345 
^ West Lafayette IN 47960 

George Earl 

1302 South Gen McMuilcn 
San Antonio TX 78237 

Haniey Software 
3268 Coach Lane #A 
Kentwood Ml 49508 

Hayden Book Company 
5C Essex Street 
Rochelle Park NJ 07662 

Ideatech Company 

P O Box 62451 , Department 7220 

Sunnyvale CA 94088 

Instant Software 

80 Pine Street 

Peterborough NH 03458 

Interactive Education 

2306 Winters Drive Dept 16D 

Kalamazoo Ml 49002 

J & S Sonware 

140 Reid Avenue 

Port Washington NY 11050 

Krp!. Software 

Mtis Brook Drive 
S^ony Brook NY 1 1 79^ 

Kvde Tyme Project 
Ted Perry 

2331 St Marks Way 
Sacramento CA 95825 

Level IV Proc jcls (nc 
1^2238 Schoolcraft SuHe F4 
Livonia Ml 48154 

Life Software Ltd 

94G Van Home Avenue 

Willowcale Ontario Canada M2J 2T 

Maifbu Microcomputing 
23910A Ot; Viile Way 
Maiibu CA 90265 



Mf.ar. 

256 North Washington Street 
rallf. Church VA 22046 

Med Systems Software 
P O Box 2674 
Chapel Hill NC 27514 

Micro Gnome 

5843 Montgomery Road 

Elkridge MD 21227 

M cro Learning Ware 
Box 2134 

North Mankato MN 56001 
Micro Power and Light Co 

I 1O8 Keystone 

13?73 North Central Expressway 
Dallas TX 75243 
Microcomputer Workshop? 
10 Elizabeth Place 
Armonk NY 10504 

Microphys Programs 

2048 Ford Street 

Brooklyn NY 11229 

Minnesota Educational Computing 

Consortium 
2520 Broadway Drive 
Lauderdale MN 55113 
Monument Computer Service 
Village Data Center Box 603 
Joshua Tree CA 92284 

Muse Software 

330 North Charles Street 

Baltimore MD 21201 

Oregon Software 
2340 SW Canyon Road 
Portland OR 97201 

Personal Software Inc 
592 Weddell Drive 
Sunnyvale CA 94086 

The Pet Program Exchange 
Box 516 

Montgomeryville P/' 18936 

Program Desic^n Inc 

I I Jdar Court 
Greenwich CT 06830 
Pro'^-'ammer 'ntetnational Inc 
34v.. t/ilshire Boulevard 

Los Angetes CA 90090 

Programs fc ' Learning Inc 

P O Box 954 

New Milford CT 06776 

Programmei Software Exchange 
2110 North Second Street. POB 199 
Cabot AR 72023 
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Radio ShacK Department 

Cn»a'81010l61 
1300 One Tandy Center 
Fort Worth TX 76102 

Siiwa Enterprtbes 
P 0 Box 7266 
Hampton VA 2366S 

SteKetee Educational Software 
4639 Spruce Street 
Phiiddetphia PA 19139 

Stir'ing Swift PuDfishing Co 
P O Box 188 

Manch^ca TX rSbS.^ 

Thesis 
P O Bux 

Garden Citv Ml 401 3^ 

Tl Source ! Texas instajments} 
P O Box 191 
Rye NY 10580 

TYC Software 

40 Stuyvesanf Mano'' 

Geneseo NY 14454 



Microcomputer Manufacturers 

APF Electronics Inc 
Imagination Machine 
444 MarJtson Avenue 
New York NY 1002? 

Apple Compute"^ Inc 
10260 Bandiey D^ve 
Cuoertino CA 95014 



Atari 

800 or 400 

1265 Borregas Avenue 
Department C 
Sunnyvale CA 94086 

Commodore Pet 

950 Rittenhouse Road 

Nonistown PA 19401 

Compucolor 

Compuco'or II Renaissance Machine 
P 0 Box 569 
Norcross OA 30091 

Cromemco Inc 

280 Bernardo Avenue 

Mountain V.ew CA 94043 

Exidy Sorcerer 
969 Maude Avenue 
Sun-yvale CA 94086 

Healh Company 
Heathkit 

Benton Hcrbor Ml 49022 

Hewlett-Packard Company 
HP-85 Inquiries Manager 
1507 Page Mm- Road 
Pa»o Alto CA 9- .^04 

Intelligent Systems Corporation 
(See Compucoior) 
Intecolor Drive 
225 Technology Park 
Atianta-Norcross GA 30092 

Mattel! 
Intellivision 

5150 Rosecrans Avenue 
Hawthorne CA 90250 



Motorola 

5005 last McDowell 
Phoenix AZ 85008 

North Star 
Honzon il 
1440-4th Street 
Berkeley CA 94710 

Ohio Scientific 
Challenger Series 
1333 South Chillocothe 
Aurora OH 44202 

Radio Shack 
TRS-80 

1300 One Tandy Center 
Fort Worth TX 76192 

Sinclair Research Corooration 

Sinclair Microcomputer . 80 

50 Stanilord Street 

Su'te 800 

BostL MA 021 14 

Smoke Signal Broadcasting 
31336 Via Colinas 
Westiake Village CA 91362 

Southwest Techntral Products 
SWT PC 5800 
219 West Rhapsody 
San Antonio TX 78216 

Synertek 

3001 Stender Way 
Santa Clard CA 95051 

Texas Instruments 
Tl 994 

12501 North Central Expressway 
Dallas TX 75222 
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Resource and Referral Service 
National Center for Research 
in Vocational Education 

(')hi<) State linivcTsitN 
1960 Kcntn RocK^ 
( nhinibiis, OH 43210 



oRaAWZimoNS help educators 

USE MCROCOMPUTERS 
IN TEACHING AND LEARNING 

haih !s>uc of fiiuuUhVh}! Rc^P AV;\»r 
fcaiiiros a muii-hst" ot rcsoiirtt's Uoiu 
ihc Kcsouat' aiui Rctciral ^cr\Kc ai 
ihc National ("onttT ioi Roscauh lu 
VoLaiuHial Fdiuatutn Otuo State Uiii- 

rsii\ Ihis issiK' tdtUM's on icsoiUlon 
Km jMii^ iiikr(noiii[nitt'rs in schools 
and tkissroonis 

Additional intorrnation on lliis lopu 
;.aii be obtaiiK'd from liic u-^KHial 
fdiuationai Iabi>rat')r\ in \'oui area ot 
ti( in tlu' Kcsouin' and Kctriiai Sltnrc 
at the addK'ss l>elov\ 

Association for Computing 
Machinery (ACM) 

1 ! H o! &v \invi".a^ 

^ork, \ ^ 10t)V> 
( oniati WcnihiT Scrvkos 
212 2f>S-f>M)n 

Ac S\ is an dssociation for Loin[)Utc'i 
><.i'M'tists business s\ su*m spttialisis 
anaKsts and s(Mal stK-iUisis inieresu'<i 
in t.t>inputin^ and data [kolcssiii^ llu" 
[H ]>t)se ol the or^ani/aiion is lo ad- 
\aiue the siu-iue and art of infor. na- 
tion prottssin^, iiKlndin^ «.oinpinin>: 
U\ [in.(jues and appro[)rtate ian,uua^e 
lor ^eneial information and piotessm^ 
st(ntiui' retiieval transnassion 
I omnuniieaiion, ami simulation ol 
data 

\( W fias [)rodiued a pLibikation or 
the usi ot Lom[Hiters t)\ schools tilled 
< rniputt. r I dthLUum jcr / kmcnuvx and 
Sc.^fidan \Ja\^l\ (Order No 812810 
I98l 9: pp for membeis, SH) ioi 
Monmembers) I tan be }>urLhased 
jrom tfu' ACS\ Ordei Department PO 
Box M14S. Baltimore ^U) 212^4 All 
oriiers must be }ire[)aid 

Association for Development of 
Computer-based Instructional 
Systems (ADCIS) 

AIXMS Headquarters 

(j)m[)uter ( enter 

Western Washington llm\efstt\ 

He!lin>iham, WA ':)822S 

( oruait Ciordon Ha\es, tAeaiti\e 

sect eta lA 

20^> ^>76-286() 

AIXJS IS an international non[n(dii 
(n-^ani/alioii represenim^ elunentar\ 
and ^e'.ondat^' sOiool s\ stems, ^olle^es 



unneisitus Inisiness mdustr\ and mil- 
iiat\ anil L'tjvei nment ai;uu les 

1 he {)U! f)ost s ol IS iiKludc ad- 
\aikiii^ the in\esti^ant)n and uiili/a- 
'lon ul uuuputei-based instrmlion and 
manat:einetil pioinotm^ an»' 'aniiidt- 
in^ the interihari^e ot inloi: ion, 
[)iov:iams and materials rediaiu^ re- 
dundant ettoil ainoiiu de\ elo[)ei s, and 
speuf\in^ lequirements and })riorities 
ot hardvNtUe and si)hv\aie develop- 
ment 

I he AP( /s WviA IS a t>imoiithl\' 
newsletter mailed to all members A 
stbolarK oublKation, IhcJounialot 
( cmpuhr-Hd\cd lusuuahm is pi.blished 
lour times a \eai (tree to AIXIS 
merribers, $12 to !ionmerni)ers) ADCIS 
operates several speual interest ^rou[>s 
mihuiin^ ones tor Plato users, mmr 
mkiotom[)nter users, elemeniar\' 
se<.ondarA and junior »>(>Ile^e })eis()n- 
ne!, and mduiduals luvoKed iii the 
lnlera<.n\e Insirik tional S\ stein Pies- 
eiitation and Autborii\ Membershi}) m 
ADc IS IS %M) a N ear for indiN kluals 
who are aftiliatcv. v\ith an mstitiitional 
or issfHiate membei and S40 for those 
\\ ho aie not 

Association for Educational Data 
Systems <AEDS) 

1201 U>th ST N W 
Washin^lon, DC 200^^ 
(ontait Shirle\ Lasierwood 

e\ei utr\ e drieOoi 

202 83 -410O 

AIDS IS a j)rotessional oi^ani/aiion for 
those inteiested in the use of com- 
puters in eduLation Al MS produces 
three ijuarteib publkatioiis the AI DS 
HuUcuu vvfikh focuses on mierLhapttr 
I omnumuanons and meeting an- 
nomuemenis ($7 a \'ear , the Al PS 
^trnili't v\hkh contains short, timely 
ariklesori current direciions in edu- 
cational (iata s\ stems ($15 a \ear), and 
the '\H>S lourNiil v\ hkh featuies arti- 
cles illiHtratini: tfu' latest de\ elo})iuenfs 
in the applicatron ot computer tc c h- 
nolo^\ to ai! are.is ot ediuation ($2S a 
\ ea I ) 

An mdi\ulual nu'inbeislup {S^5) lu- 
chides subsciiptions to all thice pnl-li- 
cations 7 he special Kill b>7<^ issue ol 
the /W/)S /t'//n/w/ covered ' Mi( lo- 
lomputers I heir Sele( Morr arnl Appli- 
caiion in fducaiion sm^le c opk s can 
be purchased lor SIO 
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Addilioiial tKtiMlK-s iiKludc dii an- 
nual micrnacional u)iuirHU)n special 
seminars and workshiips ihai provkL 
oppi>rtunuics ic cxannnc and discuss 
ihe latest de\cl(»j)nu nts in educational 
te*.hni>Io>;\ ^ud a u>Hipuici pru^jram- 
niin>; uuitesi for siuilents in ijrades ' 
throujih 12 

Computertown, USA! 

PO Cox E 

Menio Park C\ 'i025 
(Oniati Ramon Zaniora, iiireaor 
41S ^"-0541 

Compute riou n IS A' is a u)niputer 
hteracA proin^t <'f the peof^le ol Menlo 
Park, the Menlo Park I il)rar\, and the 
Peoples Computer Conipan\. a non- 
profit education corporation in Menlo 
Park The >:oal> of this National Science 
Foundation fjn ied project are lo de- 
velop lest anti t valuaie a set ol u>urse 
niaierials and «> >e^aung pnnedures for 
a iransjx)rta{>le microcomputer-based 
c(>nimbnit\ luerae\ program The 
iiu.doI pru]e<.t i-runhasi/es the use of 
local commuiutv resources 

The coursev\are j> based on a series 
of si\-ueek .lasses f'-r children and 
adults dealing with inlroducior\ male- 
rials ^ASli progranuuing, and 
prt))e(.t -based progiamming experi- 
ences Courseware mckuies stutienl 
workbooks teacher guides, handouts, 
and lists of recoiumended software uiat 
M)niplemeni ilie Jass aci'vities These 
items »»i!l be availal^le for dissemina- 
tion m late 1^8^ 

A tree newslelter, ( ^ffiputcrtcwti 
rS4' \t*vi\ HulUvu is puf>lished 
nionthK To obtain a sul^scnption, write 
to the above address 

CONDUIT 

PO Box 588 
University of Iowa 
Iowa Citv lA S2244 
Of. tact Harold Peters associate 
director 
519 55 5-5789 

ONDUIT IS a source for compulcr- 
. jstd iUsiruitional materials that are 
reviewed, documented, p)rogranimcd 
for e:>e of transfer and continually 
upilate(i Programs are writtc m 
BASIC and FORTRAN Materials pro- 
"V'^^i^H'ti m BASIC will run on most 



'ninio>mpLiUr sv^tctiis ami s(>nu' iiu- 
utKonipiiU'f s\ stems <){\u", ( ()\i)Un 
tnaUTiaU ,m iHUig ir.inslau\l lo mn on 
[he mure* popular ininKOiiipiiU'is 

Ml*. rocniiipiiU'r in.iii'rials au* an- 
n-fiiK a\ailabk in lMt»Iui:\ Ju'imsii\ 
[)h\sks MiaihoiiiaiKs and st^iiisiits 
Spanish ps\».holog\, uui sDciologv 
WaU-rials arc available" lor usi- on ilu* 
PM 2(H)1 Apple II. aful lRS-8() 

liirc'f i\pcsol intonnalioiial iwMc- 
rials arc also a\aila[>k* troni C ONDL'll 
gfiu'ral infonnaiion aboui ilu^ usi- ot 
oMMpiiUis j{i hiulu'r I'liiKalion aids lor 

JUthols J|)d dcAclopcf s ot cOinpllUT' 
ImscJ iijsif dv^i.nial niau-rials atui a - 
[M>ns on ( u\l>L IT tc\ ic v\cii and 
ti s(rd niatcnals ( /~/ Pipihw 

a \iari is a sciTiitUHUial pu[>li(.ai](>n 
ti ararmu ideas t(/i use m hii^iu'i idiua- 
n«>n and ^oinplcu- lirsi Mf^iion^ ot 
t < >\I)l n > latest rc'\ icv\ c\l and Ic ^h"d 
rnaunals -\id^ av .iilat^U tor dt \ clopmi; 
instrui tiona! ounputinu niau-naK in 

'I^^S SjO) jnd f f '\;>^ // 1S;( 

( {w^^/ sli)) \ put'luation nth d ^i: 
' ^.'>^';^/' ' ' ( ^N / V // A, ■. v '* i'l/ 

.'t /',t\«^,^fcN <sinuU u)p\ turj 
stijl>rs < ( )M)L 1 1 p.u K lui s nn- 
[Mt :fii niid on "ik rov o'?rpn[i !s \ s( ' 
<>t cuidtiini s toi anih.ois .)1 v)u lo 
,.!'i:i[nnci inatcnaN ;^ aN< und.rr dt 
\, t i( ipiMt. n. 

Interndttonal Count il for 
Computers in Edutation (ICEE) 

1 h [icirnni'iii o{ < ')rM;i!!i( r .^nd 
Inl* »t Hiun \i Mv 0 
; : «n\ ( d i )n u*^'' 

I ..u:ai' !iaM.! fsnn i 

1 hi'' ' nan* >nai ( « >ni}. ,! lor < < un 
pi.lt : ^ m 1 dn*. a!;« »n i R M i is a n( >n 
jMoiii pioU^.iona! oieani/aiion lU di 
V ii' tl » iinph u !iiv; { hi msi r n«. I lonal 
iM ( i{ » I itnpuU f ^ I > .'nil mcf i>^i~^'^' 
( > i 4 SO ti>r niiK !s>n( s [>im \ i-ai ) \^ a 
journ.i' ;oi piojih mii ii'sli'd in du 
•a tsliui 111 -na! use ( d v oni [uili i s .a ihi' 
ptcioi!' ^i- li"\i-l It dials wiUi ilu nsc oj 
von , iitcrs and ihi if \iu\\n i on ihc' 
LH*ni nd urrii uhnn 

Iwo insii ijc tiona! hookU'is .m- <nail 
ahU I he \ \ ln}jni\!tjt.'f \ 



iiucndt'd loi s<. hoo! adnuMistia(<w s ,ivi 
s«. iiool l)oaril nu'iPL'-i.'rs \\ tu) lia\ i' had 
hull fxpi'uciKi' with lompiUiTs lIu" 
l>i)okk't pioMilcs a siTics ot ipu'siions 
aiui answers al>oni itu* instiuaional 
usf (d (.osnputt'i s and [\\c [>otcniial for 
iIk'U nsi' in s«.ho()ls ///(' /I'wJ/tV s dnhh' 
!l' t cmpuii'rs in ilh' hlcfrioi'iin S*.//t\>/ (.an 
tuip clciikMHarv S(.hool Ii\kIuts \\ ith 
aiilc toinial u)mpntc'i trainiiij^ to ^^m) 
an initial k'\t'i ot i onij^utt'i liti'UK\ 
{[ ath l>ookh't tosts S.- '^O picpaid 
i|ua[>lit\ ilis«.ount^ a\c)!lalMc t'T 1! 
or iiioio (.opk's ot \Uc siinu' lilk' ) 
Xdditional bookk'ts on otluT lofiKs i>t 
intoii'si to \luMs arc bcini; [>K-paK"ii 

Minnesota Education Computing 
Consortium (MECC) 

?S JO Hioadwav l>ii\ c 

SI Pan! \1\ 5Si 1 5 

C otMcK [ \ xi'i uiu I' 1 )iri'i lor 

\\\ ( ( an o[^ani/aii(»n ucaii'il to 
<.<io[dtnaic and }no\ uic (.oniputcr siw\- 
!».cs to suiik'nls iraJuis and cdn 
^.atiorial adniinisn.itoi s m WiniK'sota 
Xij'rcscnt approMinak'K JOOOomii- 
f>ulci U'onin.ils and 2 SOO ini\.io- 
loinpnius >fi' !M.,jt;^d m Mhoo.K anvi 
I olk'u^ s a*, ross I \]c 'Mil' 

\ hoi mm iiial'on ( rnfi t niakrs 
a\ailahii' \' niii o tnaii rials rtinv^aiu 
from piMii>iiii lU'vv s!'*tu rs lo I ui- 
iii rhini unidi > ih.u olk-i assistaiKc m 
hn[>li'int'niinL; *.<Mn[MiU'r use in ihi 
vlasviDoiii I hi biinoinhK ruusk'tltr 
lallid ' s/ A'S iisis awulabli di^ki lies 
! Im I an he used \\ it ii ihr \p[^k I! 
..pport hookli ; ^ }(U ihi's*' diski'Ot s 
.nid pi oi^r an irn mv .lod n fi n \uc iiian- 
uals < \on-\iinni"so!a uistonu'is iniisi 
pa\ ~; win haij^c to to\i i ihi Ad ( < 
opi raii.'u: *.osis pviid !>\ \\\ ( ( nn inhi i 
msniuhons } Both / s/ A's aoti !\!\;.!h< 
anod.i'r iMrnoni h!v \M ( ( ni \\ Nk'Mi'i 
ar,' he ( upon n ijui >! 

Northwest Regional Educational 
Laboratory 

Mil rocomputer Software aiui 
Information for Teat hers 
(MicroSIFT) 

^00 S \\ Sixth A\f 
{N»iil.tiid OK '^TJO I 
( ontail IiTi Maiici piou.arn assiMjii 
SO^ 2AH fuSOO. lAl \ W 

\hiroSiri a {)io}(Hi ol NorltuM'si Ki 
Clonal t ihiii)h MKil 1 .ihoi.i!oi\ SI ui s 



as a 1 1 'aritigliousi' toi nn^ioconipuic*! 
K-\2 iiisirui tional s(div%arc' irdornia- 
tioii Tl)c cleariii^liousi.' toe uses both 
on i'sia[)lishing cttcMivc procedures k)r 
the u)llittioii, e\ aluatiou, and (iis- 
seniiriaiioii ot materials and iidornia- 
lion, and imi pio\iiiing user sup|H)rl 
and leJiiikvil assisivirue AXddiiional m- 
tonualion is available ttirougli Mi- 
iK*S/77 \t'i\'\ a nuaiteiK newsletter To 
be pLueil on the Murc'^ni Sews mail- 
ing; list \Miie to the alH)\e adclress 

Society for Applied Le<:rning 
Technology (SALT) 

50 (dilj>e[^per St 

WatteritoiK VA ^2186 

( oniait RaMUond t ox. [>iesident 

SAl I is a iionpioht ort^aiii 'ali(n> to» 
piotessioiials in the area ot insiru*.- 
tioiial leihnolot;\ 'neinl)ei sliip, S20 a 
\ ear) 

\U-iiihi IS iece!\e ttie ijuarter'^ Ni'ies- 
n'HCf Oiliei juiblicalions iikhide the 

( S22 so a \ eai tor ineinl>i'is, SS ! a \ ear 
loi Monnu nibersi A/iirt\iV;//'//A7N ;// 
/ J!i.Ji>^n j}h\ liMnnui 1 1'>70 SM)) and 
\hhL\ih, \lkf.\yV}!pu!cr .(hJ li'jrunhi S\\- 

..t'jnj ILniui.iiprtil I Jui.iHrfi jnJ lfdi}i- 
< 0>.S0 S4(h 

Technical Fduiation Research 
Centers (TERC) 

( onifMiii I Resonii e ( enii i 
8 { lioi Si 

( jiidMul\4'' \\A 02\ ^8 

( tMUai ' : 11 i Wal i liiti toi 

1 1)1 ( oiapiiU I Hi sonn ( ( entiT i( Rt > 
{ i! n R( I t)iu.iins mil loi oinpnli i 
haidu jii sohuai i. ni i k ni<i ami 
{i\ hnii al inior ma! ton o{ iniru si lo 
t dni thoi s 

( K( m.iiniaiiis u pti sc nialiN c oto- 
puii 1 s V olii 1 1^ di H i i'\ ahiates 
mai bani spiiihi i dm ational sotlw.Hi 
-Mid Itotisrs a hhiai \ ol i( lali <l ti i hni- 
lai and I'dn^jt.ooal pnbluatKMis HiUhis 
( h-' !s jn on asiona! m \.\ sh i ii t } h<i' 
tn (■ upon rupii si 

( R( also I ondm Is one vind two d.n 
\,\ oi ksho[>s on ednt aOonal nscs'>{ ini 
roi onipui( s <ii 1 1 k( and at si ooN 
tM dk \ru I nul.iikl ao a ( oni.k t tin 
liiii I loi loi additional ndf >i 'naiion 
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